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A PKW years ago I had the honour of giving to the students 
of the Boyal School of Naval Architecture, at South Ken- 
sington, a series of lectures on " The Use and Application 
of Iron to form Mechanical Structures." 

It has been snggested that the matter prepared for these 
lectures might be made useful in the technical education of 
other students in engineering. It is highly requisite that 
such students should acquire a thorough knowledge of the 
nature and properties of a material with which they will have 
so largely to deal ; and although the great school for acquir- 
ing this knowledge must be practical experience, yet no one 
can doubt that muoh may be usefully done to prepare the 
way, by placing before the student the large amount of infor- 
mation already collected on the subject by competent hands. 
To do this in a simple, clear, and convenient manner has 
beén my object in the present publication. I claim no 
originality or novelty in the scientific treatment of the * 
subject ; and the experimental data are, of course, due to the 
various authorities whose ñames are attached to them. But 
for the general authority of the work I am able to plead 
a practical experience of forty years in the use and applica- 
tion of iron for engineering purposes, and an extent and 
variety of opportunity for observation which fall to the lot 
of few in my profession. 

I have revised the original lectures, and have made con- 
siderable additions, with a view of rendering the information 
more complete, and of bringing it down to the present state 
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of knowledge ; but I have not thought it necessarj to alter 
the colloquial and familiar style of the first composition. 

In a work which professes to compile nsefal information 
£rom all available sources, it has boen impossible for me to 
give special references in every case. I prefer to annex a 
list of works I haye consulted ; and not only to express in a 
single acknowledgment my indebtedness to them, but also 
to recommend them, emphatically, to all engineering stndents 
who may wish to carry forther their study of the great sub- 
ject here oñered to their notice. 

W. P. 

Gb^at Geoboe Stbeet, Westminsteb, 
April, 1872. 
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1. The object oí the following pages is to próvido the 
Engineering student with a mannal oí practical information 
on the nature and propertíes oí the material which now 
enters, perhaps more prominently than any other, into 
engineering designa. A centnry ago the stmctures with 
which engineers had to do were built almost entirely of 
stone, brick, or timber ; in modern days these materials ha ve 
become largely superseded by iron. It is qnestionable 
whether this substitution is not being carried too far, and 
whether the new perishable substance is not frequently 
adopted for the sake of cheapness, or facility of construetion, 
in cases where the more durable but less tractable material, 
stone, wonld be more appropriate, more noble, and more 
worthy of the profession. But, howevéi* this may be, it is 
certain that the modern engineer who wishes to be master 
of his art must be thoroughly conversant with the nature and 
properties of iron as a constructive material, and thoroughly 
competent to adapt it to any structural purposes for which 
the present wants of society may demand its application. 

2. Now ihere is no dearth of published information on 
certain subjects connected with iron. In the firet place, on 
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the MetaUurgy and Manufacture of Iron tliere are the admi- 
rable and comprehensiye works of Overman, Percy, Bauer- 
maní), Orookes, Tmraii, and many othersJ And secondly, 
on the Design of Structares in Iron, snch as bridges, Bteam- 
boats, machinerj, &o., &c., there are many excellent works, 
and almost a snperabimdance of plates and drawings, illus- 
trating the construction of snch works in every variety, and 
in the fullest detail. 

8. But a little oonsideration will show that there is a 
very wide and important gap between these two branches 
of information. The business of the metallnrgist ends with 
the production of iron in a marketable shape ; he does not 
concern himself with its further emplbyment. It is at this 
point that the duty of the engineer begins. He ñnds the 
material in the market in an immense variety of forms, and 
possessed of a still wider variety of qualities and properties ; 
and as he must necessarily select his material before any of 
his constructive science can come into play, he must, in 
order to make a suitable choice, be possessed to a large 
extent of a species of knowledge which he has not derived 
either from the metallurgist or the scientific constructor; 
namely, the knowledge of the natube anb fbopebties of ibón 

AS A MATEBIAL 03P CONSTBUCTION. 

4. This branch of knowledge is a very wide one, and it 
is essentially practical. Theory is of little use in its de- 
velopment ; it is all obtained by observation and experience. 
Many practical engineers have devoted the best years of ^ 
their lives to its acquisition, but there are many members 
of the profession who have had no opportunity of doing 
this, and to whom the want of such knowledge must always 
be a disadvantage, causing them to rely on others (oñen on 
contractors, whose interest is by no means in unisón with 
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their own) for judgment which it ought to be tlieir own per- 
sonal prerogative to apply. 

5. It is the object of the present work to do sometliiiig 
towards fílling this gap, by offering, for the use of students 
in engineering, a large amonnt of information, gained or 
confirmed by practical experíence, on the important point 
referred to. It is not pretended that any boek-leaming of 
this kind can supply the place of practical observation, 
whioh, on so essentially practical a matter, must eyer be the 
most yaluable of all knowledge ; bat at the same time it is 
nndoubtedly the case with this as with other practical 
branches of the profession, that when such observation is 
jndicionsly guided by previous stndy, the acqnirement of 
knowledge is immensely facilitated, and its results are ren- 
dered much more tmstworthy and nsefol. 

6. I have not entered into any theoretical discnssions as 
to the strength of materials generally, a great and impottant 
snbject which will be better studied in other works. The 
object here being exclusively practical, I have only intro- 
duced snch theoretical matter as is necessary to explain the 
bearing of the facts given, and to goide their practical appli- 
cation. 

7. I may further remark that it is no essential part of the 
present work to treat of the production of iron, involving its 
metallurgy and chemistry, but I have thonghtrit desirable, 
for the sake of completeness, to add two short chapters on 
this head, compiled chiefly froin the valnable works men- 
tioned in Art. 2, to which the stndent is referred for fuller 
information. 
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PBODUCTION OF PIG IRON. 

8. The term iron, thongh giving to the cliemist a perfectly 
defínite idea, is popularly used in a very wide sense, soma- 
thing like the word tirnber. This latter term comprehends 
a variety of genera^ each of which is again subdivided into 
different sjpecies ; and so we may say that iron is a family 
ñame, comprehending all elasses and varieties of ferruginous 
material. 

It is diyided off, in the fírst place, into three great elasses, 
very distinet and different from each other, mz» : cast iron, 
malleable iron, and steel, and each of which is subdivided 
again into a great nmnber of diñerent varieties. 

The distinction between the three elasses, when considered 
chemically, is very slight; consisting almost entirely in 
minute diñerences in the proportion they contain of a foreign 
substance, carbón, combined with the iron. Malleable iron is 
iron nearly approaching a state of purity ; steel has a small 
portion of carbón ; and cast iron a larger portion, but still 
only a small percentage of the whole. 

But the mechanical and practical differences between the 
three elasses are very great indeed, sog reat, in fact, as to con- 
stitute them, as regards their use, entirely diñerent materials. 

Each class further contains many sub-varieties, differing 
more or less in their mechanical properties ; the differences 
being caused either by the admixture of foreign substances, 
or by variations in the manipulation. 
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9. These different kinds of iron are obtained, bj dif- 
ferent processes, from ores which are found plentifally 
over the earth's surface. In some cases the purest material, 
malleable iron, mayjbe obtained in a very simple manner, i, e. 
by merely exposing a eertain kind of ore to heat in contact 
with charcoal fuel, the effect^of which is to reduce the ore to 
a metallic state. This was the earliest mode of producing 
iron, and it prevails in some parts of the world down to the 
present day. 

10. Bnt the supply of iron obtained in this mode would 
necessarily be yery small, not only on accomit of the scarcity 
of ore suf&ciently good to be amenable to such simple treat- 
ment, bnt from the want of sufficient wood for fuel. The 
earliest , ironworks established in England, namely in the 
southem counties, were worked on.this plan, but from the 
large inroads the ironmasters made on the timber of the dis- 
trict, it was found necessary to prohibit the manufacture 
by the strong arm of the law. 

The introduction of the use of pit coal for iron smelting, 
about the middle of the last century, at once changed the 
aspect of the iron manufacture, as it not only brought into 
use the great fuel-stores of the carboniferous formations, but 
made ayailable all the immense masses of inferior ore 
existing in the country. 

11. This chango brought about a variation in the mode of 
production of the iron. With coal it was no longer possible 
conveniently to produce the purer yariety, malleable iron ; it 
was easier to get in the first instance the most impuro form, 
ccíst iron, fiom which the other varieties were afterwards made 
by subsequent treatment. 

The ordinary modem process of iron production may 
therefore be briefly stated as follows : — The ore is smelted 
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with coal or coke in a blast fdmace, and the prodact ia pig 
iron, a form oí cast iron, being metallio iron combined with 
the highest proportion oí carbón, and oontaíning also other 
impnrities. « 

To produce malleable iron this pig iron is snbjected to a 
procesa called puddling, by which carbón and other impnrities 
are taken out, and the iron assnmes a purer condition. 

To produce steel, wrought iron is submitted to a process 
called cementation, the object oí which is to re-introduce a 
certain dose of carbón, sufficient to give the metal the pecu- 
liar steely character. 

It will be desirable now to foUow out these processes 
somewhat more in detail, so far at least as the production 
of cast and maUeable iron is concemed. 

■ 

Ibón Obes. 

12. The combinations of iron found native are very varied 
in their character; but the only forms used for the pro- 
duction of the metal in commerce are certain oxides and car-r 
bonates, of which the chief mineralogical characteristics are 
as follow : — 

The aesquioxide (Fercy), or the peroadde (Bauermann) of iron 
(Fe^ O"), occurs abundantly in a nearly puré state, form- 
ing the hard and brilliant mineral known as hematüe. It 
contains 70 per cent, of iron, and is the basis of a large 
number of iron ores, known imder the following ñames : * — 

Spectdariron ore, óligiste, or iron glance, includes the brilliant, 
hard, well-crystallized forms, such as those of Elba, Brazil, 
Vesuvius, &c. 

Micaceom iron ore includes all the scaly crystalline varíe- 
ties, such as those of South Devon, which are loosely cohe- 
rent, and similar to graphite in structure. 

* Bauennann, p. 50. 
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EMney ore inclades the hard botryoidal forms, such as 
those of Camberland, which are devoid of metallic lustre. 

The term Bed HematUe is commonly used by English 
iron smelters for all minerals consisting essentially of anhy- 
drous peroxide of iron. 

The sesquioxide of iron is largely mannfactored in the 
state of amorphoQS powder, nsed as a pigment (chiefly in the 
ceramic arta), to produce tints of red, browii, and violet. It 
is also nsed for polishing plate-glass, and when very fínely 
levigated, forms the plate-powder called rouge. 

Brown iron ore is a term used to designate the compact 
and earthy minerals, in which water is combined with the 
peroiide of iron (2 Fe^ O' -|- 3 H O), the percentage of iron 
according to the formula being 59 * 9. 

A oombination of the peroxide with the protoxide (Fe O), 
in equal equivalents, occurs in nature as a defínite mineral 
known as magnetite, or magnetic iron ore. This contains 
72 • 41 per cent, of iron. 

The oxides of iron combine ñreely with carbonic acid, 
forming carbonate of iron. The most important of these is 
an anhydrous carbonate (Fe O . O O^), which is found abun- 
dantly in nature, either crystallized puré, or in combination 
with carbonate of lime, clay, or other substances. The former 
crystalline varieties are called ^xxthic ores^ while the term 
clay band or day ironaUme is applied to the amorphous 
argillaceous ore found in the coal measures, and hlack hand 
to that containing bituminous or carbonaceous matter. 

13. The aboye descriptíons are on a mineralogical basis ; 
but in the actual state of things the minerals are found 
largely mixed up with foreign earthy matters, the amount 
and nature of which have an important influence on the 
quality of the iron produced and on the economy of pro- 
duction. 
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It would be impossible here to give any fall account 
of the ores actually used for iron makiiig ; a brief notice- of 
some of the more important ones must suffice. 

Iron ores are found iu geological formations of all ages, 
but the greatest deyelopment appears to be in the older 
rocks. The largest and richest deposits are contained in 
pre-Silurian strata, such as the Laurentian and Hnronian 
Systems of North America, and the oíd gneiss and schists of 
Scandinavia. Spathic ores and high-dass hematites are 
characteristically abnndant in the Devonian rocks of Grer- 
many and the south of England. The carboniferous period 
is especially marked by the presence of interstratified car- 
bonates (Staffordshire, Yorkshire, Scotland, and South Wales, 
for example), while the most important deposits of red 
hematite in this conntry are contained in the carboniferous 
limestones of Cumberland and Lancashire. In the secondary 
rocks, the chief iron-bearing members are the Wealden and 
lower greensand (Sussex), and the middle lias and great oolite 
(Northamptonshire, Cleveland). 

14. Mr. Truran classiñes the ores of Great Britain into 
four great divisions, thus : — 

A, — The argillaceous ores of the coal formations, having 
clay, but sometimos silica, as the chief impurity. 

All the great coal formations hitherto discovered contain 
iron ores in greater or less abundance. Staflfordshire, Wales, 
Derbyshire, Shropshire, and the Scotch coal-fields contain 
yaluable seams ; and South Wales stands pre-eminent for the 
'number and richness of its argillaceous iron ores. The 
aggregate thickness of the seams measures 21 feet; the 
richest yield upwards of 40 per cent, of metallic iron, and 
the average exceeds 32 per cent. 

B, — The carbonaceous ores of the coal formations, distin- 
guished by their large percentage of carbón. 
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The most yaluable seams of this belong to the Scotch 
coal-fíelds, and are often known by the ñame of hlack hand. 
The richest give above 40 per cent, of metallic iron. Some 
of this ore is also fonnd in South Wales. 

These two kinds, A and B, together form probably one- 
half of the total annual produce of the United Eingdom. 
They are often worked in conjunction with coal seams in 
the same pits. The yield of ironstone in some of these 
districts is from 2000 to 7000 tons per acre of land. 

C. — The calcareous or spathic ores, or the sparry car- 
bonates of iron, haying lime as their chief earthy admix- 
ture. 

These are principaUy obtained from workings in the car- 
boniferous or mountain limestone, and are found chiefly in 
the Forest of Dean, Lancashire, and Cumberland, but also to 
a small extent in Stañbrdshire, Yorkshire, Sootland, Derby- 
shire, Somersetshire, and South Wales. 

The average yield of the Forest of Dean ores is about 
37^ per cent. 

D, — The silicéous ores, having silica as their predominat- 
ing earth. This class is subdivided into the red and brown 
hematites, the ores of the oolitic formation, the white car- 
bonates, and the magnetic oxides. 

The red hematites of Lancashire and Cumberland are 
probably the richest ores of iron in this country ; they occur 
in magnifícent beds, 15, 30, and even 60 feet in thickness. 
They are of extreme purity, containing 90 to 95 per cent, of 
peróxido of iron, or 65 of metallic iron. The pig made from 
them is peculiarly in demand for making steel by the Bessemer 
process, as well as for mixing with inferior kinds of metal. 

The beds of ironstone lately oponed in the oolitic Cleve- 
land district of Yorkshire, are of great extent, yielding on an 
average about 20,000 tons per acre/ The ore contains from 
25 to 50 per cent, of iron. 
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15. It Í8 not, however, all pare ore, or " mine," which is 
nsed for the productíon oí iron. Sinoe the introduotion 
of the hot blAst, pig iron has been also made £rom the 
reíase " tap cinder," coming from the pnddling process; and 
whioh is found to contain a large qnantity of iron. As, 
howeyer, the cinder is a receptacle for impurities, the metal 
resnlting £rom it is of inferior quality, and is called '* cinder 
pig," to difltingnish it from **mine pig," which is smelted 
£rom ores alone. 

At the same time, oinder iron has some advantages ; it is 
rery fluid when melted, and is oonseqnently yery nseful for 
foundry pnrposes where great flnidity is desired, and where 
strength is not important. Also, for heavy castings, and for 
other purposes where sonndness is particnlarly aimed at, 
cinder iron is found useful as a mixture. 

Calginatiok. 

16. Before smelting the ores, it is adyantageous in most 
cases to subject them to the action of heat, bj a process 
called calcination or roasting, and which is effected either in 
the open air, by stacking the ore loosely with coal in altér- 
nate layers and setting flre to the heap, or in kilns arranged 
for the purpose, which are considered preferable. This pro- 
cess was f ormerly applied to nearly all ores, bnt since the 
hot blast has been introduced, it has been sometimos omitted, 
and the ore smelted in its raw state. 

17. The adyantages of the caldning operation are of two 
kinds, mechanical and chemical. In the flrst place, the 
amount of iron is concenti^ted into a smaller weight by the 
remoyal of water, carbonic acid, and other yolatile matters ; 
and as the fragments of mineral retain their form, they are 
rendered porous and more readily susceptible of the opera- 
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tions in the fumace. The seoond or chemical object oí 
roasting is the expulsión oí the sulphnr írom iron pyrites, 
&c., and the conversión of proto- into per- oxides, which 
facilitates certain snbsequent operations. 

The argiUaceons ores lose, doring the process, 20 to 80 
per cent., the carbonaceons 30 to 40 per cent, of their weight. 
In Scotland, the coaly matter in the black-band ore is almost 
sufficient in itself to effect the calcination, and the loss is 40 
to 50 per cent. 

Smelting. 

18. The reduction or smelting of iron ores is effected 
chemicallj by one solé agent, namely, carbón, which, applied 
at a high temperatnre, seizes the oxygen of the oxide of iron, 
and allows the metal to flow away in a molten state. The 
carbón necessary for this purpose is conveniently fumished by 
the fud nsed for producing the heat ; añd as this is an 
important element in iron mannfeicture, it is necessary to say , 
a few words apon it. 

19. At first the kind of fael used in the manufacture of 
iron was universally charcoal ; and on account of its purity, 
compared with other kinds of fuel, it is still of great valué 
for the best descriptions of iron, when it can be obtained 
in large quantities at a reasonable cost. It was used in the 
early ironworks in England, and it is still employed to a 
considerable extent for the finest Bussian and Swedish irons, 
the wood being fumished by the large forests there. 

The use of pit coal as fuel was introduced about the 
middle of the last century, and it was this which at once put 
Great Britain at the head of the iron-making countríes of the 
world, from her large and easily accessible coal-fíelds, and 
their cióse association with the iron ores. 
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Before the introdnction of the hot blast, the coal was 
generally conyerted into cohe^ to assimilate it as much as 
possible to the original and better material. But the hot 
blast has enabled ironmasters to dispense, in many cases, 
with the coking process, and to use raw coal in the fnr- 
naces. The qualitj of the iron has, however, suffered by 
the chango, as the sulphur and other deleterious ingre- 
dients, which are partly eliminated by the process of 
coking, remain fuUy present in the fornace when raw 
coal is used. 

It is only certain sorts of coal that are fonnd suitable for 
use raw ; others have been tried, but failing to give satis- 
ÜEustory results, the coking process has been retained. 

20. In the treatment of the ores in the smelting fumace, it 
is necessary they should be accompanied with a proper/uo;, 
the object of which is to combine with the earthy matters of 
the ore, and form a fusible "slag" which shall sepárate from 
the iron and run easily away. The principal flux used is 
limesUme, which is generally found in the neighbourhood of 
the coal and the ironstone. The proportion of flux used is 
such» as is found by experience to produce the most fusible 
combination. 

21. The operation of smelting is conducted in a hlast 
fumace. All those who have visited iron-making districts 
must be familiar with the extemal appearance of this great 
apparatus, and a general idea of its intemal construction will 
be obtained from the figure in Art. 25. It may be consi- 
dered as a large vertical shaft or chamber, whose interior is 
of a bellied form, narrow at the top and bottom, and widening 
out in the middle. The widest part is called the hashea 
(probably a corruption of the Germán word hauch, belly), 
the part above is called the stctck; and the lower part of 
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the fomace, where the molten materials fall and collect, is 
called the hearth. 

The extemal structure is a massive building of masonry 
strengthened with iron, or indeed often enclosed in an iron 
casing. It is provided with large arched recesses at the lower 
part, to give access to the openings in the fumace hereaffcer 
ínentioned. 

The interior of the fumace is lined with fire-brick, to 
withstand the great heat. A sniall annular space, filled with 
sand or loóse material, is left between the intemal lining 
and the extemal structure, to allow of changos of form by 
expansión. 

At the top of the fumace is a cyHndrical chinmey called 
the íunnel-head, for protecting the workmen from the heated 
gases, and having one or more iron doors, through which 
the charges of ore, fuel, and flux, are thrown into the fumace. 
This is surrounded by a platform for the convenience of 
charging, and the materials are usually raised to this level 
by lifts or inclined planes. 

In íront of the furnace, protected by a roof, is the casting 
house, where the metal is run from the furnace into moulds. 

The blast air is introduced at openings a little above the 
hearth by small pipes called tioyera (French tuyaux). 

22. The dimensions of blast fumaces are very various ; 
they are now made much larger than formerly. The con- 
ditions limiting the height are mainly due to the character 
of the ores and fuel (as regards their power of resisting 
crushing when exposed to the pressure of a tall column of 
material) and the power of the blast. In Cleveland, where 
very hard coke is employed, they are 70 feet and upwards in 
height, but the usual height varias in Great Britain from 45 
to 60 feet ; the intemal diameter at the boshes, from lá to 
20 feet; and the cubic content from 4000 to 10,000 cubic feet. 



14 PRODÜOTION OF PIÓ IBOK. 

23. The blast air, which has io be proyided in large qnan- 
tities, and at a considerable pressure, is fumished by blasi 
enginea. Each of these consists oí a large cjlinder or air 
pump, in which, hj the direct action of a steam-engine, the 
air is compressed to the requisito densitj, being then foreed 
ont to snpply the fumace. These cylinders are sometimes 
very large.. Those at Dowlais are 12 feet in diameter and 
12-feet stroke ; the área of the admission valves is 56 feet ; 
and they work twenty donble strokes per minute. The main 
bhist pipe is 5 feet in diameter. For a large blast fumace 
there will be required about 5000 to 6000 cubic feet of air 
per minute, which is compressed to such a yoliune as will 
giye a pressure of three or four pounds per square inch. 

The motion of the blast engine being intermittent, its 
deliyery of air is irregular ; but as the supply to the fumace 
must be equable, it is regulated by admitting the air into a 
large reseryoir, usually made of wrought iron, and whose 
yolume is seyeral times that of the blowing cylinder; the 
expansión and contraction of the air in this, under the inter- 
mitting action of the supply, tend to reduce the irregularity, 
and to discharge it in a more equable stream. 

24. Down to 1828, the air was supplied to the ñimace at 
its natural temperature ; but in that year the hot hlast^ one of 
the most important discoyeries eyer made in the iron manu- 
facture, was introduced and patented by a Scotch engineer, 
Mr. J. B. Neilson. The progress of the inyention, as of most 
other improyements, was slow» There had preyiously been 
an impression that it was adyantageous to admit the air as 
cold as possible, and contriyances for its refrigeration had 
actually been used. Henee there was a great prejudice against 
the innoyation, and moreoyer many practical difficulties were 
found in carrying it out ; but the prejudices and difficulties 
were alike oyercome by time. The heating of the air was 
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f oiind to be attended with a great economy of fuel, and at the 
same time the workmg power of the fomace was increased. 
Henee the hot blast made its way, and it íb now employed in 
iron Bmelting all over the world, the oíd plan being only 
retained for certain speoial makes which oommand an extra 
pnce, and are better produced in that way. 

The air is heated by what is called an oven or stove, con- 
sisting of a series of tabes, placed in a chamber of fíre-brick, 
and heated extemally by a fire, or by the waste gases from 
the fumace. The air as it issues from the blast reservoir is 
made to pass throngh these tubes, and having thus acqnired 
the desired temperature, is led away immediately to the 
twyers. The hotter the blast, the greater is the saving of 
fuel, but practical oonsiderations usaally limit it to about 800 
degrees. 

An improved form of stove has lately been introduced by 
Messrs. Siemens and Cowper, in which the tnbes are replaced 
by narrow passages through brickwork ; and by a particular 
disposition of the heating arrangements, a higher heat can be 
obtained than formerly, with economy in fuel. 

With regard to the merits or demerits of the hot-blast 
process, much has been said on both sides, and the question 
does not even yet seem to be definitely settled. It is often 
asserted that the hot-blast tends to deteriórate the quality of 
the iron, and it is undeniable that hot-blast iron is generally 
of inferior quality to cold blast ; but this is probably due, 
not to the effect of the process itself, but to the facility it 
has given for working inferior ores, cinder heaps, and other 
materials of a worse character, and so for tuming upon 
the market a class of iron which, under the oíd system, 
could not have been made. There is no doubt that the 
hot-blast process has much increased and cheapened iron 
production, and therefore has been a benefít to the iron manu- 
' facture. 
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26. The foUowiug figure (boirowed &om 6ir William 
Fairbaini'B work) wiU show in a simplified form the general 
amngenieiit of the apparatna for irtm-smelting works. 



The blowing engine is supplied with steam by five boilera. 
J íb the blowing cjlinder (áhown in eection), &om which the 
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air is f orced into the regulating receiver K, made of wronght- 
iron boiler-plflte. From this it passes by the pipe L into the 
heating ovens, one of which is shown in section at M, and 
the pipe N oondncts it, when heated, into the blast fomace B. 
In this, A is the hearth, B the boshes, E the tnnnel-head, 
F F are the charging doors,// the twyers. 

26. Supposing now the three materials, roasted ore, flnz, 
and fuel, to be properly prepared, in pieces of snitable size, 
they are weighed ont in proper proportions, and introdnced, 
in altérnate charges, into the top of the blast fomace. The 
fomaoe is £lled with the oombined materials, and the whole 
mass is kept in an incandescent state by the operation of the 
blast, which must of course be introdnced at snch pressure 
as will cause the air to pass íreely throngh the contents. 

The action of the fomace is as follows : — The contents, 
being intimately mixed, and bronght to an intense heat by 
the combustión of the fnel, are soñened and rendered capable 
of chemical action on each other. The ore consists of oxide 
of iron and earthy matters, and these two elements nndergo 
sepárate actions. The earthy matters are bronght into the 
sphere of action of the limestone flux, which parts with its 
carbonic acid and forms with the earthy ingredients of the 
ore a liquid slag ; while the partidos of oxide of iron are 
attacked by the incandescent carbón of the foel, or by the 
heated carbonaceous gases, or both, which rob them of their 
oxygen and leave the partióles of metal free. 

Were this all, howeyer, the metal would not be liqnid 
enough to flow away easily, but another effect takes place simnl- 
taneonsly with the freeing of the iron, namely, its combination 
with another portion of the carbón of the foel, which converts 
it into cast iron, and gives it the necessary fluidity. 

The result of all this is that the liquid slag and the molten 
metal drop down together to the hearth, or bottom of the 

c 
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fomace, where they ooUect, in two layers, the iron, by its 
greater specifío gravity, at the bottom, and the slag floating 
above it. The slag in this position serves to protect the 
iron £rom the oxidizing influence oí the blast aboye. 

27. The gases which escape from the top of the fdmace 
contain a large portion of carbonic oxide, which. is capable, by 
further combination with oxygen, of burning and giving out 
considerable heat. This was formerly allowed to vent itself 
into the air, forming a great flame ; but of late years attention 
has been called to this waste of heat, and the gai3es have been 
led away by proper channels to places where, by combustión, 
they form usefol fuel. 

28. The molten iron is allowed to accumulate for twelve 
hours, more or less, when it is drawn off by a narrow vertical 
slit at the bottom of the hearth, called the tap-hole. Doring 
the time that the hearth is filling, this hole is stopped by 
a packing of sand, rammed in tight, which is easily re- 
moved by a pointed bar, when the time comes for rmming 
the metal off. 

The iron then runs into a series of grooves, or furrows, 
formed in a sand floor immediately in front of the tap-hole, 
and these, when separated from each other, form pigs. They 
are of a convenient size for sale and handling, nsually about 
4 or 6 feet long, and of . a D section, 3 or 4 inches wide and 
deep, and weighing abont 1 J to 2 cwt. each. 

When the casting is completed the tap-hole is again 
closed, and the coUection of the iron proceeds as bef ore. In 
this way a blast fomace is kept continually going, night and 
day, and never ceases to work till repairs are necessary. 

29. The slag or molten cinder flows out of itself from a 
notch or hole in the hearth, situated at a little higher level 
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than the tap-hole; so that when the accnmnlation oí iron 
and slag is eo great as to bring the slag to this level it is 
discharged. It is generallj received into small boxes, or 
tmcks, by wbich it is carried awaj, and when hard it is 
deposited in a waste heap at some distanoe. 

The slag indicates by its appearance the manner in which 
the famaoe is working. Thns : if it be liquid, nearly trans- 
paront, or of a light greyish oolonr, and with a fractnre like 
limestone, a fayourable state of the famaoe is inferred. 
Tints of blue, yellow, or green are caused by a portion of the 
oxide of iron passing into it, and show the famace is working 
cold. The worst appearance of the cinder, however, is a 
deep brown, or black colonr, the slag flowingin a broad, hot, 
mgged stream ; this indicates that the supply of f ael is not 
snfficient to deoxidize the whole of the ore. 

30. The pig iron prodnced ñrom blast fomaoes is of 
several different kinda, and is nsed for different purposes, 
according to the qnality. There are two nudn distinctions ; 
namely, foundry pig, which is used for re-meltíng for fonndry 
pnrposes, to make articles in cast iron ; and forge pig, which 
is nsed to make malleable iron by the puddling process. . 

The former class — viz. fonndry pig — ^is distinguished by 
containing the most graphitio carbón in its oomposition ; it is 
son, and of an open, large, crystalline textnre, and of a dull 
grey colonr. There are several varieties of this kind of pig, 
distinguished generally by nmnbers, ñrom 1 to 3 : the No. 1 
being the largest grained, and the greyest in colonr ; Nos. 
2 and 3 being closer, harder, and whiter. 

Beyond this the pig becomes forge pig, which contains less 
graphitio carbón, is hard and £ne graüied, and generally 
white, but sometimes of a mottled appearance, by the mixture 
of white and grey. The varieties of forge pig are difficult to 
reduce to any simple clasaification, as they depend much on 

o 2 
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the character of the ore and the procesa of smelting ; they 
are distingoished by special nameB, such as Mine Pigs, Best 
Mine Pigs, Hydrates, Cold-Blast Pigs, &c., with often the 
ñame of the maker appended. 

The relativo greyness or whiteness of the pig iron, althongh 
snfificient to indicate generally the purpose to which the iron 
is best adapted, fumishes no real standard of qnality. 
The grey or white condition may be produced at pleasure 
from the same ore, by altering the eonditions of the working 
of the fumace. With a low temperatnre and a high bnrden 
of materials, white iron is produced ; with the contrary eon- 
ditions the iron beoomes grey. 

Other things being equal, white iron can be produced more 
cheaply than grey, as the same amount of fuel is made to carry 
a largor burden of ore, and the charges are drawn more 
rapidly. As, however, the white iron can only be used for 
forge purposes, while the grey iron has a more extensive 
application and commands a higher price, the production of 
the more expensive product is often the most advantageous 
to the maker. 

White pig iron melts at a lower temperature than grey, but 
becomes less perfectly fluid, and flows in a sluggish stream. 
When both kinds of metal are contained in the hearth of a 
blast furnace at the same time, the whitest, being the 
heaviest, goes to the bottom, and will be found in the first 
pigs obtained from the cast. 

FOBEIGK InGBBDIENTS IN IbON. 

31. Pig iron, although it possesses in a large degree the 
properties of metallic iron, is far from being puré ; for in 
the process of smelting the freed metal has combined with a 
portion of the reducing agent, as well as with other substances 
contained in the ore, the fuel, or the flux^ It will be well 
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here, therefore, to mention the various foreign substances 
which are usually found in combination with iron, ánd to 
notice the effects of their presence on the pig, or on the iron 
produced tberefrom. 

32. Fure iron in a compact state has been very imper- 
fectly investigated. Certain varieties of wrought iron ap- 
proacb most nearly to the puré metal ; bnt they are all in a 
sensible degree impure. Small specimens, as nearly puré as 
chemical care can get them, have been occasionally pro- 
duced in the laboratory, and they are described as giving a 
metal approximating in whiteness to silver, extremely tena- 
cious, malleable, softer than ordinary bar iron, and with a 
crystalline fracture. It has a specific gravity varying £rom 
7-9 to 8-14. 

Iron crystallizes in the cubical system. Its speciñc heat 
is about O - 114 ; that is, to heat 1 Ib. of iron requires the same 
quantity of heat as is necessary to heat 0*114 Ib. of water 
through the same number of degrees. 

Its linear dilation by heat is about 0-000111 to 0*000126 
for each unit of length heated 1^ Centigrade. ' 

Puré iron is fusible ; but it requires a very high temperature, 
estimated at 1550 C. It may be fused perfectly in the metal* 
lurgist's assay fumaces, where platinum remains infusible. 

It has the remarkable and very important property of 
continuing soft through a considerable range of tempe- 
rature below its melting point. At a bright red heat it is 
so soft as to admit readily of changes of shape by mili, 
forge, aoíd smithy operations : such as roUing, hammering, 
pressing, stamping, &c., &c. ; and when the heat is raised 
to whiteness it becomes ^sty^ so that when two pieces at 
this temperature are pressed together, they unite intimately 
and firmly, which is the operation called welding, These 
operations will be treated of more particularly hereafter. 
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The proportions oí the foreign ingredients found in mar- 
ketable iron are but small, but they exercise a most powerfal 
effeot, giving rise to the remarkable varieties in the qaality- 
and properties of the material, whioh we shall hereafter have 
to consider. 

83. The most important foreign element is carbón, Dr. 
Percy saya : — 

The influence of this element in cansing variation in the physical 
properties of iron, is one of the most eztraordinary phenomena in the 
whole range of metallnrgy. Under the common ñame of iron are 
included virtually distinct metáis which in extemal characters differ 
far more from each other than many chemically distinct metáis. 
Without carbón the manifold uses of iron would be greatly restrícted, 
and so far as is yet known, no other metalor mixtuies of metáis coold 
be applied to these uses. 

When carbón is absent, or only present in very small quantity, we 
have wraught iron^ which is oomparatively soft, malleable, ductile, 
weldable, easily forgeable, and very tenacious, but not fusible except 
at temperatures rarely attaiuable in fumaces, and not susceptible of 
tempering like steel. 

When carbón is present in oertain proportions, the limits of which 
cannot be exactly prescribed, we have the yarious kinds of steel^ which 
are highly elastic, malleable, ductile, forgeable, weldable, and capable 
of receiving very different degrees of hardness by tempering, even so 
as to cut wrought iron with facility, and fusible in furnaces. 

Lastly, when carbón is present in greater proportion than in steel, 
we have cast iron, which is hard, oomparatively brittle, and readily 
fusible, but not forgeable or weldable. 

The differences between these three well-known sorts of iron 
essentially depend on differences in the proportion of carbón, though 
other elements may, and often do, concur in modifying to a striking 
degree the qualities of this wonderful metal. Ours is emphatically 
the iron age, and it may be confídently asserted that no other element 
has contributed so largely to the civilization and happiness, and may 
we not also add, paradoxical as it may seem, to the misery of mankind. 
But let US not forget that carbón has done its share in this good and 
evil work. 

The following indications as to the qnantities of carbón in 
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« 

the diñerent varietie^ oí tbe ferraginoos material, are given 
by Dr. Percy, on the authority of the celebrated Grerman 
metallurgist, Karsten. 

It is considered that the máximum of carbón with which 
iron can combine is 5*93 per cent. 

Puré iron, perfectly free írom carbón, is so soft, that it 
offers but little resistance to friction, and is therefore 
unfítted for most of the purposes to which the ordinary metal 
is applied. When combined with carbón not exceeding 
certain limits, it increases in tenacity, elasticity, malleability, 
ductility, and hardness, and becomes '* steely." 

The passage írom this into Eteel is so gradual and insensible, 
that it is impossible to pronounce where steely iron ends and 
steel begins. But when the property of hardening by sudden 
cooling after heating is well developed, so that sparks will be 
given with flint, the metal becomes decidedly '' steel." The 
proportion of carbón necessary to give this quality is influenced 
by other ingredients which the metal may contain ; the more 
free it is from foreign matters — especially silicon, sulphur, 
and phosphorus — the largor is the amount of carbón neces- 
sary. In very puré iron 0*35 to 0*5 per cent, is necessary ; in 
less puré, O * 2 to O* 25 will suffice. From this to 1*0 or 1*5 
per cent, gives the ordinary range for steel of various kinds. 

Aboye 1 * 5 per cent, of carbón will give still greater 
hardness, but only at the expense of tenacity and weldability ; 
with 1*75 per cent, the last property is almost completely 
lost. With 1 ' 8 per cent, iron may still, with great difficulty, 
be worked and drawn out imder the hammer ; and although 
very bad, it yet retains considerable tenacity. 

When the carbón rises to 1*9 per cent., or more, the 
metal ceases to be malleable while hot, and 2 per cent, 
appears to be the limit between steel and cast iron ; when 
the metal in the sof tened state can no longer be drawn out 
without cracking and breaking to pieces under the hammer. 



24 



PBODÜOTION OF FIO IfiON. 



From 2 per cent, therefore to the maximmn, cast iron is pro- 
duoed, and the larger the proportion oí carbón, the harder, 
whiter, and more fusible does it become. An example of a 
highly carbonized and crystalline white iron is what is called 
" Spiegeleisen" pig, containing about 5 per cent, of carbón. 
It cr^stallizes, as its ñame implies, with large mirror-like 
cleavage planes. 

The following Table, given by M. Bauermann, will conve- 
niently illustrate the aboye data : — 



Ñame. 



Percentage 
of Carbón. 



Properties. 



1 


Malleable Iron 


0-25 


2 


Steely Iron . . 


0-35 


3 


Steel .. .. 


0-50 


4 
5 




/ 1-00 to\ 

\ 1-50 / 

1-75 


6 


>» 


1-80 


7 


» 


1-90 


8 


Casi Iron 


2-00 


9 


»» 


6-00 



I ris not seDsibly hardened by sudden 
j\ oooling. 

jOan bo slightly hardened by 
\\ quenching. 

líGives sparks with a flíut when 
|\ haxdened. 
1*00 to "I (Limits for steel of máximum hard- 

[ ness and tenacity. 

Superior limit of welding steel. 
líVery hard cast steel, forglng with 
\ great diflficulty. 

Not malleable hot. 
|Lower limita of cast iron oannot be 
\ hammered. 

íHigheBt carburetted compound ob- 
\ tainable. 



But independentlj of the large variations of the quanttty 
of carbón in iron, and the remarkable seríes of changos due 
thereto, there is another element of varíation in respect to 
this admixture, which also produces yery diversified results : 
the carbón may be present in the metal in difíerent forma, 
It may either be perfectly and chemically combined with the 
iron, or it may be sepárate, and only mechanically dififused. 
These difierences are best illustrated by well-known facts in 
regard to pig or cast iron. Of this there are two distinct 
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kinds, grey and white. They differ widely in colour, hard- 
neBB, brittleness, tenacity, and fusibility. Grey iron has a 
higher melting point than white iron, and in fusing it passes 
almost instantly from thQ solid to the liqnid state, when it 
becomes very fluid. White iron, on the other hand, is acted 
on at lower temperature, when it becomes first soft and then 
pasty before melting. It was formerly snpposed that these 
differences were due to the largor amoimt oí carbón in grey 
than in white iron ; but this opinión was found to be erroneons, 
as grey iron was often convertible into white, and vice versa, 
without any chango in the proportion of carbón. The expla- 
nation now given is that in white iron the carbón is in 
chemical combination, whereas in grey iron it is partly 
sepárate and diffosed through the mass in the form of crystals 
of ''graphite," which give the grey fracture and the soft 
texture. Changos in the condition of the carbón are very 
common in manufacturing processes,* and will bo noticed 
hereafter. They are very interesting in steel, as they are 
Bupposed to have to do, in some way not yet clearly known, 
with the remarkable changos produced in it by tempering. 
It is supposed that the state of combination in steel depends 
on the treatment to which the metal is subjected. In soft 
steel it is supposed to be graphitic, but in hard, chemically 
combined; and the tempering process probably depends on 
changos produced in this particular. 
Mr. Styffe says (Art 33) :— 

When the proportion of carbón in iron or steel is increased, whilst 
other oonditions remain the same, the limit of elasticity, as well as the 
tensile strength, is to a certain extent increased ; but the extensibility, 
on the contrary, is diminished. The tensile strength, which in good 
soft iron may be estimated in round numbers at 21^ tons per square 
inch, seems to attain its máximum in steel containing about 1*2 per 
cent, of carbón, and is then, in good cast steel or Bessemer steel, about 
61} tons per square inch. 

* See remarks at length by Dr. Percy, page 116, &c. 
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84. Süicon ezists largely in iron ores. It is mostly 
separated in the glassy slag and cinder which form the refuse 
of the smelting procesa ; but it enters also to a considerable 
eztent into the resulting pig iron. When this is converted 
into malleable iron, silica is forther separated in the refining 
and puddling fomaces, and also squeezed out in the hammer- 
ing and rolling operations. Indeed it is to the more and 
more perfect expulsión of this substance that the improve- 
ment of wrought iron, by re-beating and re-working, is in a 
great measure due. When present in wrought iron it 
renders it hard and brittle. 

35. Iron has a strong afGjiity for suLphur, and many 
varieties of the compound exist in nature, of which the best 
known is that called tron pyrites, a'bisulphide of iron, so 
abundantly found in coal. Sulphur is a yery common im- 
purity in manufactured iron, being derived either from the 
ore or the fuel, or both. A small proportioñ of it in iron 
imparts the defect of red shortness. 

36. Phosphorus will combine with red-hot iron, causing 
much increase of incandescence. When it is present in the 
ore it passes easily into the metal, and has then, if in more 
than a very small quantity, a decided efíect on the mallea- 
büity and strength, rendering it what is called cold short, 
i, e. brittle when cold. Malleable iron containing O * 3 per 
cent, of phosphorus is somewhat hardened, but is not sensibly 
affected in tenacity ; with O * 5 per cent, it becomes somewhat 
" cold short ;" with O • 8 this quality is very decided ; and 1 • O 
per cent, makes the metal yery brittle. The effect of phos- 
phorus on cast iron is to diminish its strength, but to increase 
its fusibility : thus making it less suitable for engineering 
purposes, but more so for delicate ornamental work. 

Mr. Styffe says (Art. 33) that a small proportioñ of phos- 
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phoras in iron generally raises the limit of elastieity and 
the tensile strength, and tlierefore also the hardness of the 
metal, bnt at the same time it diminishes its extensibility. 
THs, however, is dependent on certain conditionB, which 
limit the general application of the rule. 

87. Manganeae is of great valne in iron which is intended 
to be converted into steel by puddling, as it tends to hinder 
the removal of carbón, oxide of manganeso being undecom-* 
posable by carbón in an oxidizing atmosphere. 

88. Araeníc is a rare impnrity: when it occnrs it pro- 
duces red shartnesa in wronght iron, and is favonrable in cast 
iron for the operation called " chilling." 

89. The presence of nitrogen has been snpposed to have 
some effect, particularly in steel ; but the evidence on this 
point is still obscnre. Nitrogen is introduced by the process 
of casehardening, as hereafter explained. 

40. Tungsten has the property of rendering cast steel very 
hard and tenacious. Vanadium is snpposed to render iron 
pecnUarly fitted for wire drawing. 

41. The analyses of a great yariety of samples of pig 
iron (Banermann, page 284, 5) show the general amount of 
foreign ingredients as foUows : — 

Per cent. 
Carbón, partly combined, aud partly in a 

graphitic form 2*3 to 5*5 

Süicon 0-13,, 5-7 

Manganeso O'O „ 7*6 

Sulphur 0-0 „ 0-87 

Phosphorus O'O „ 1*66 ' 

Statistios. 

42. The make of pig iron from a blast fumace yaries from 
15 to 40 tons per day. The average consumption of coal in 
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Staffordshire per ton of metal prodaced ib, for hot blast from 
55 to 60 cwt. ; for cold blast £rom 60 to 70 cwt., besides 
2 cwt. for calcining, and 15 to 22 cwt. for the stoves 
and steam-boilers wbere the gas-saving apparatns Í8 not 
nsed. 

43. The foUowing are the details of charges emplojed at 
Dowlais, South Wales,, for different kinds of pig iron ; the 
qnantities are in owts. for ever j ton of iron made. 





Fonndry Pig. 


WhiteForoe- 
Plg. 


Common 
Forge-Pig. 


Calcined " mine " (fresh ore) . . 

Red hematite ore 

Forge and refineiy cinder 

Limestone 

Goal 


cwt. 
48 

• • 

• • 

17 
50 


cwt. 

28 

10 

10 

14 

42 


cwt 

• • 

16 
25 
16 
36 


VVeekly make 


130 tons. 


170 tone. 


190 tons. 



In the Cleveland distríct, the average charge per ton of 
iron is stated at — 

CwL 

Cleveland ore 70 

Limestone 15 

Coke 26 

Goal for calcining, stoves, and boilers .. .. 10 

44. The annnal consumption of iron ore in the United 
Kingdom is in round numbers about 10,000,000 tons. The 
relativo proportions of the different minoráis are as fol- 
lows : — 

Per cent 
Ak-gillaceoiis and blaok-band ores of the ooal measures . . 42 

Cleveland ores . . . , 28 

Bedhematito .. 15 

Brown hematite and limonite 13 

Spathio and foreign ores 2 

100 
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45. The estimated production of pig iron in the principal 
iron-making countries of the world was estimated as follows, 
for the year 1865. 



United Kingdom . . 

Trance 

United States 

Belgium 

Bussia 

Austria 

Sweden and Norway 

Italy 

Spain 



Fumaoes. 



613 

430 

260 

52 



253 



TODS. 



4,768,000 

1.195,000 

1,120,000 

450,000 

300,000 

314,000 

246,000 

37,500 

60,000 



( 80 ) 
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PRODUCTION OF MALLEABLE IKON. 

46. I now prooeed to describe the mode of prodaction of 
the pnrer form of the material, maUeable or wrought iron, 

This yariety may, as already stated, be prodnoed directl y 
from the ore, and before the introduetion of the blast f umace 
this was the usual way in which iron was procured. The 
chief modem representativo of the ^ bloomeries," or hearths 
used for the purpose, is the so-called Catalán or Ck)rsícan 
forge, which still survives in the Pyrenees and a few oth^ 
isolated localities, in the south of Europe. The ore, usually 
a rich and easily reducible brown hematite, is mixed with 
oharcoal and placed in a hollow hearth, into which a blast of 
air is introduced by a twyer. The charcoal being ignited, 
the blast is tumed on, and a strong heat is kept up till the 
reduced iron appears in the form of spongy or pasty masses,. 
which are then withdrawn, worked together into a lump or 
ball, and forged under the hammer into a rough bar or bloonu 
The iron so obtained is generally of good quality, though 
often hard and steely. 

In India, wrought iron is also made directly from the ore, 
either in shallow hearths with an artificial blast, or in f umaces 
with shafts. In either case the dimensions are small, and 
the blooms produced yary from 20 Ibs. to 2 cwt. in weight. 

47. But the ordinary mode of producing maUeable iron is 
to manufacture it from cast or pig iron by a process oalled 
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puddling,"* t. e. exposing the pig iron in a melted state to the 
action of oxygen, which carnes off the carbón, and leayes 
the iron in the malleable state which is characteristic of the 
pnre metal. 

48. The pig nsed in preference for conversión into malle- 
able iron is the white variety, usually termed forge pig, con- 
taining least carbón. Grey pig is, however, not excluded, as 
it can be rendered tractable by a process which is very 
generally used as a preliminary to puddling, that is, the pro- 
cess called refining. 

Eefiking. 

49. This process is commonly nsed in the Welsh iron- 
works, and to a certain extent in the other iron-making dis- 
tricts of this country. In the manufacture of the finest 
qualities of wrought iron it is invariably adopted, but with 
the inferior kinds it is not so much employed as formerly. 

It is a combination of chemical and mechanical processes, 
whereby the material is deprived of a portion pf the extra- 
neous matters contracted in the blast fumace. The crude 

* I have not alluded here to the production of wrought iron by the 
Beasemer process, as the notice of this process belongs more properly 
to the head of steel. The metal produced by the Bessemer method is 
generally called steel, but in many cases, where an endeavour is made to 
produce a peculiarly soft and ductile material^there is no doubt that it 
difíers little or nothing from iron, that it is, in fact, only malleable 
izon under another ñame. I had once occasion to examine some 
professedly " cast steel " axles, made for exportation, but obsenring 
that their behaviour in the lathe was very unlike that of steel, I tested 
some fragments of them, and found that they were quite incapable of 
hardening, and in fact presented no quality of steel at all. It appears 
to me that if the Bessemer process oould be successfully adapted to 
the production of the best kind of wrought iron, and were so used 
honestly and avowedly, it would be a much greater beneñt to the engi- 
neering manufacture than flooding the market with a mass of the more 
pretentious materia], too often of very doubtfal character. 
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iron oontams yaríons snbstances in mixture ; it is the object 
oí refíning to extract ftom it the larger portion of these 
imporities preparatory to its conyersion into malleable iron. 
Befíning consista simply of melting the pig iron with coke 
or charcoal in an open hearth or " refínery fumace," supplied 
with an air blast so as to impingo on the melted metal and 
fomish an ozidizing atmosphere. This earries off a portion 
of the carbón, and at the same time remoyes a portion of the 
impurities, particularly silicon, in the shape of slag. The 
melted metal is then poured into cast-iron troughs kept 
cold bj water, and the sudden chilling has the eñect of con- 
verting soft grey iron into hard silyery white metal, the 
carbón which formerly existed in the shape of graphite, 
entering into perfect chemical combination. By this chango 
the fluidity of the iron is reduced, and the subseqnent pnd- 
dling procesa facilitated. 

In the refinery the blast answers a donble purpose : it 
creates and maintains an intensely high temperatnre, fusing 
the crude iron with great rapidity, and it promotes the rapid 
oxidation of the impurities. The separation of these is 
further facilitated by mechanical subsidence, as they, being 
specifically lighter than the metal, float on the surface, 
and united with a certain portion of oxide of iron form Hquid 
cinder. 

The loss of weight in refining is considerable, particu- 
larly with conmion hot-blast pig iron, which is more highly 
charged with foreign ingredients than cold blast. The con- 
sumption of cmde iron per ton of refíned metal ayerages 
between 22 and 23 cwt. The consumption of coke is about 
2^ cwt. per ton of pig iron operated upon. The weekly 
production of a refinery ftimace is from 80 to 160 tons. 

Befíning is sometimos done with raw coal, but coke is 
generally preferred. 
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PTn)DLINO. 

50. The process of puddling is carried on in a reverbe- 
ratory fumace, in the bed of whích the metal is melted by the 
action of flame, proceeding from a firé at some little distance 
away. Thiis all contact between the metal and the solid 
fuel is avoided, and the necessity of blowing machinery dis- 
pensed with. The decarburization of the metal is effeeted 
chiefly by the strong current of air passing along with the 
flame, and caused by the draught of a chimney ; at the same 
time a stirring action kept up by the men keeps the metal 
well ezposed to the action of the oxygen. This admirable 
and most important inyention was patented by Henry Cort 
in 1784. 

To aid the action of the air in the decarburization and 
puriflcation of the metal, certain oxidizing fluxes are added, 
such as hematite, magnetic oxide of iron, forge scale, or 
molten slag, a silicato of protoxide of iron. According 
to the relatiye importance of the parts played by the air 
and by these fluxes respectively, the process may be either 
dry or wet puddling, the former being dependent mainly on 
the exposure of the metal to the action of the air, while in 
the latter (which is more generally known as the. pig-hoiling 
process) the slag and oxide of iron added are the most im- 
portant oxidizing agehts. 

51. The foUowing sketch shows a simplifled longitudinal 
section of a puddling fumace, and will suffice to explain 
its general construction. 

The flre is made at A, and is separated by a brick par- 
tition B from the hearth C, on which is placed the metal to 
be puddled. The flame passes from the fire-place to the 
lower part of the chimney D, and in its passage it *^ reverbe- 
rates " down on the surface of the metal, creating an intense 

D 
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heat, while the deletenouB portions of tbe fnel are prevented 
from mixing with the iron. The hoated ourrent always bas 
with it au excess of oxygen, which playa an important part 
iu the coaversion of the iron. There is a metal damper 
placed on the top of the chínmey, with a handle within 
reach of the pnddler, bo that the dranght, and the conao- 
qnent actioa of the corrent on the metal, can be regulated 
to a niooty. 



PuddUng Fntnwc. 

TheTe ia a balanced door on the BÍde of the hearth O, whioh 
Opens and cloees with ease, and throngh which the puddler 
conducte hie varions operations on the metal within the 
fumace. 

52. The procese of paddling ie Busceptible of conBiderable 
medification, according to the nature of the pig metal em- 
ployed, and that of the iron which it is desired to produce ; 
bat it may be generally dcBcribed as foUowB : * — 

The bed in which the iron lies íb previonsly prepaied by 
" fettliug," as it is called, i.e. introdncing the fluxing mate- 
rialfi, and spreading or arranging them in a coaYenient 
• Baaennann, chap. it. 
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manner for their action on the iron. The metal is then 
introduced, with or withont previous heating, and soon 
melts, spreading itself on the floor of the fumace in a thin 
sheet, thns exposing a large surface to the action of the 
air. 

When complete fluidity is attained the puddier introduces" 
a hooked bar or " rabble," and stirs the metal abont, to 
incorpórate the whole contents of the fumace well together. 
When the mixture is complete the reaction of the air and the 
oxidizing fluxes on the combined carbón becomes apparent 
by the escape of blue ñames of carbonic oxide, and at length 
the whole surface of the metal begins to boil from the rapid 
escape of gas. This action is facilitated by constant stirring 
with the hooked bar, with which the puddier searches or 
sweeps every portion of the bed. The slag or cinder rises 
to the surface, and flows away by openings prepared -at a 
suitable level. In some cases portions of the fluxing 
material are added during the puddling process. 

As the carbón diminishes, the ebuUition becomes less 
violent, and the metal, from its reduced fusibility, begins to 
stiñen, and malleable iron separates, or as it is called, comes 
to nature, in the form of bright points, whieh increase to 
spongy masses. These are manipulated with the tool and 
at last coUected, by pressing them together till they are 
sufficiently coherent to be moved without falling to pieces, 
and are thus formed into roughly-spherical masses of from 
60 to 80 Ibs. weight each, called " puddle balls." 

When one of these balls is ready it is drawn to the door 
with the tool, and removed from the furnace with a long pair 
of tongs with curved jaws. It is then either carried on a 
small truck or drawn along the floor of the mili to the place 
where it is to be treated by squeezing or " shingling." 

The quality of the iron obtained is greatly dependent ^n 
the manipulation, but depends stLU more on the qiiality of 

D 2 
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the pig operated apon. The greater the amount oí impnrities, 
espeoially sulphur and phosphorus, the longer will the pnd- 
dling last, the greater will be the waste of metal, and the 
more nncertain the result. 

In 8ta£Ebrdshire two hands (puddler and underhand), in a 
tum of twelve hours, work off from five to seyen heats, the 
charge being from 4 to 44 cwt. The loas of weight between 
the pig iron charged and the pnddled bars produced from the 
balls (as hereafter explained) is from 7 to 10 i>er cent. The ooal 
bumt amounts to between 20 and 22 cwt. per ton of pnddled 
bars. The " fettling " materials required in the turn of twelve 
honrs for keeping the bed in proper order are from 6 to 
7 cwt. of *« bull-dog" (a mixture of peróxido of iron and 
siHcon, produced by roasting tap cinder, hematite or magnetic 
iron ore), and 2 to 3 cwt. of a soft red hematite, called 
puddler^a mine; in addition to a certain quantity of black 
oxide of iron, or mili acole added to the charge. 

In Scotland, where dark grey metal rich in silicon is 
" boiled " without being previously refíned, only from four to 
£ye heats of 4 cwt. are made in the same time, and the loss 
of weight is from 15 to 18 per cent. 

For the best Yorkshire iron, made near Leeds, a high 
quality of pig, mostly cold blast, and refined, is used ; this 
is puddled in small heats of from 3 to 3^ cwt. each. Iron, 
when puddled in small quantities, is found to give better 
results, being freer from raw or unconyerted metal. Nine 
or ten heats of best iron are puddled in ten hours. The 
consumption of coal is about 15 cwt. per ton of iron 
puddled. 

The Welsh puddling and boiling fumaces tum out, ac- 
cording to Mr. Truran, upwards of 20 tons per week. 

53. In order to lessen the great amount of labour inyolyed 
in working the charge, yarious mechanical applications haye 
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from time to time been proposed, in substitution for mecba- 
nical puddling, but none of tbem bave been yet adopted to 
Bueh an extent as to render a description of tbem necessary. 

54. Tbe puddle ball, as it comes out of tbe puddling 
fdmace, oonsists merely of partióles of malleable iron 
sticking togetber, but witb large interstices, wbicb are partiy 
filled witb tbe slag or cinder produced in tbe fumace along 
witb tbe iron. Before tbis mass can take tbe sbape of iron 
it bas to be Consolidated, and tbe slag driyen out. Tbis 
operation is effected eitber by squeezi^ig or hammeríng. 

55. Squeezing is used cbiefly for tbe commoner descrip- 
tions of iron, for wbicb it is most suitable on account of 
tbeir tender texture, wbicb would not stand tbe beavy blows 
of a large bammer. Tbe macbine ordinaríly used for tbe 
purpose resembles a pair of jaws like tbose of a sbark or 
crocodilo, tbe lower one being solidly fíxed like an anyil, and 
tbe upper one made to open and sbut by macbinery. Tbe 
foUowing sketcb will sbow wbat tbe ordinary squeezer is 
like, and it will be suf&ciently clear witbout any furtber 
explanation. 

Fio. 3. 




Squeezer. 



Tbe puddle ball, in its beated state as it leayes tbe fumace, 
is introduced between tbe jaws at tbeir widest part, and tbe 



38 



PRODÜOTION OF MALLEABLE IBÓN. 



pressure squeezes the particles of the iron togetber and 
welds them, at the same time pressing out the slag, which 
runs apon the floor. As the mass becomes more Consolidated 
it is pushed to a narrower part of the jaw opening, where the 
action is renewed with a more powerful pressure. 

By this prooess the ball becomes transformed into a short 
thick cylindrical bar, about 1 or 2 feet long, and a few inches 
diameter ; and while it is red hot, this bar is passed through 
grooved roUers, which draw it out into flat bars, usuallj 
about 3 or 4 inches wide and f to 1 inch thick. These bars 
are what is called ** puddled iron " or ^' puddled bar/' and 
form the fírst stage of wrought iron manufacture. 

Squeezers are frequently made automatic ; and severa! 
kinds acting on this principie are used. The ball is dropped 
into one end of the machine, and then, by the action of 
rollers or cams, it is roUed or squeezed through a space 
constantly diminishing in width, at the end of which it comes 
out of the same form as it is brought to by hand labour 
under the ordinary squeezing. 

56. For the better class of iron, the puddle balls are Con- 
solidated by hammering or shingling. This is done by larga 
hammers called hélves, or shingling hammers, of which the 
following sketch will give an idea. 

Fio. 4. 




Helve. 



Helve hammers are generally made of several tons weight; 
they make between 70 and 100 strokes per minute, with a 
lift of between 16 and 20 inches. 
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In iron preparad by hammering, the puddle ball when 
brought out of the farnace is put under tíie helve, which is 
allowed to act on it by repeated blows, so as to thoroughly 
consolídate and weld the partidos of the iron and drire ont 
the liqnid cinder. The mass is moved about betweea iAie 
blows, and may be given a long form and theai lolled ont, as 
in the case of squeezed iron, or it lany be beaten into a i3at 
cake, or any other sha^ tiuA may be determined by the 
future procese it is to nndergo. 

67. Steam-hommers have been employed in some müls; 
but for the iron-maker's purposes they possess no superiority 
over the common hammer. The power they have of giving 
great range in the forcé of the blow, thongh so very useful 
in forging, is of no use in mannfacturing iron, as the metal is 
xequired to be hammered with the same forcé throughout.* 

MlLL WofiK. 

58. Fuddled iron, as has been already stated, is malleable 
iron in the £rst stage of its existence, and is henee often 
called No. 1 iron. In this stage, however, it is not ñt for 
use in any way. In the first place the size and shape of the 
pieces are not such as are usable ; and secondly, which is 
more important, the quality is not yet fully developed. The 
puddled iron must be still further worhed, by hammering or 

* A curíons and instmctive illustration of the use of the steam- 
haxmuer carne to the author's notlce some time ago. An engineer was 
induoed to pay a considerable extra príce for some rails in consideration 
of their being made from " hammered " iron. The author had occasion 
to inspect their mannfactare, and found that the hammering was done 
with steamrhammers constmcted for the purpose, and carefully regulated 
(as all steam-hammers can be) to give only a light blow. The quality 
was in reality just the same as the squeezed iron, or indeed rather 
worse, as the squeezers did forcé out the cinder, while the steam- 
hammer left it in. 
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rolling, before it fíilly acqniíes those peculiar properties 
(such as malleability, ductilitj, tenacity, and capability of 
being forged and welded) which cbaracterize it as good 
wrougbt iron, and fit it for sale in the market. Thia re- 
peated working is of much importance, as, with all wrougbt 
iron except that of yery low quality, the more it is worked 
the better does the quality become. 

The mode oí working up the puddled iron varíes mneh ac- 
cording to the quality of the material and the nature of the 
saleable article intended to be produced. 



FiG. 6. 



59. The most usual process is by piling and rolling. A 
number of bars of puddled iron, all cut 4;o a uniform length, 
are packed together into what is called a pile, some 2 or 
3 feet long and 6 or 8 inches square, the bars being so 
arranged as to break joínt with eaeh other, as in the fol- 
lowing section. This pile being bound round with rod iron, 

to keep it together, is put in a fur- 
nace and heated to a welding heat. 
It is then passed between grooved 
roUers, which draw it out, at the 
same time reducing it in size, and 
subjecting it to a pressure that 
welds the bars together into one 
mass. Having passed through 
one groove it is immediately put 
again through another of smaller 
Pile for Bar Iron. dimensions, and then through one 

of smaller dimensions still, and so on, continually being 
drawn out longer and of smaller section, and continually 
being subject to more pressure ; either until the bar acquires 
the size intended, or till it becomes too cold to work further, 
when it has to be re-heated in a famace to admit of 
further rolling. 
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* A pile partially rolled ont, bat not ñnÍBhed, or in &ot 
any partially-worked ehort thick bar, is called a Uoom, ftnd 
the famace in wbich euch a bloom is re-heated íb a bloom- 
fvmace. 

Ofteu two paÍFB of toIIb are nsed, oue for the firat two 
or three grooTee, called hretátmg doam, or rvoghing, oí Uoom- 
ing rolla; the neit pair for bringing the bar into its 
ñnisbed form, whioh are oalled Jtnüking roíls. The foUow- 
ing ahetch shows a paii of finishing rolla. 



Th© lower roll ia tnmed by the engine, and the upper roll 
ia geared to it by piniona, so aa to be caueod to toin with it. 
The necks or bearmga of the rolls tum in housings which aro 
provided with acrewa, as aeen in íbe figure, and by tomiag 
these the npper roll oan be set nearet to or farther ñ^>m the 
lower roll at pleasnre, so as to diminish or increase the 
height of the groovee. 

The iuventíon of groored rollera for the raannfoctore of 
iron is, like that of puddling, dne to Henry Cort, who 
patented them in 1783. 
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60. With Bome classes of iron the puddle bar is first piled 
and roUed into bars of suitable size, which are called No. 2 
iron, but which are not yet fit for use till they are again 
piled and rolled, forming then No. 3. Sometimes, with 
the better classes of iron, the first process of welding the 
pile together and reducing it to a bloom is done by ham- 
mering, or partly by hammering and partly by rolling ; in 
short, the mode of working admits of great yariety. 



Fio. 1. 



61. The operation of making a rail of good quality is as 
foUows. A pile is prepared of about 8 to 10 inches sqnare, 
with the bars arranged as in the following sketch. The 

shaded parts are No. 2 iron, 
intended to form the top and 
bottom of the rail, where the 
greatest strength and wearing 
quality are wanted, the inter- 
mediato space being filled up 
with puddle bars. The pile 
is brought to a welding heat, 
and is then first hammered 
under a heavy hammer, to 
weld and consolídate it, and 
next rolled into a square 
bloom of about one-half or 
two-thirds the sectional área 
of the original pile. This 
bloom is then re-heated and rolled down in grooved finish- 
ing roUers, each groove gradually approaching the form of 
the rail, until it acquires its perfect eection and proper 
shape. The ends are then cut off square, while the bar is 
hot, with a circular saw revolving at a rapid rate, and which 
cuts red-hot iron almost as easily as an ordinary saw cuts 
wood. This gives the rail its proper length, and when cold 




Pile for Eails. 
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it is Biraightened, and punched, if neceseary, with the proper 
boles.* 

By modifications of the piüng and roUing process are pro- 
dnced all shapes and sizes of bar iron, angle iron, T iron, 
&c., &c., usually sold in the market, 

62. Plaies are made on a similar principie, but the pile 
is diñerently arranged, and is passed tbrougb, not grooved 
bnt flat rollers, first in one direction and then in anotber 
direction at right angles to it, so as to widen out tbe píate 
to a sufficient size, after wbicb, wben bronght to tbe rigbt 
tbickness, it is cut to tbe exact lengtb and widtb by sbears. 

63. Tbe very best quality of iron, made cbiefly in York- 
sbire, is treated in a peculiar way from tbe commencement. 
Tbe material nsed is carefiilly cbosen, tbe pig is refined, 
and tbe puddling is conducted witb special precantions. 
Tbe puddled iron is sbingled under a beavy bammer, and is 
not rolled into bars, bnt is beaten into flat cakes of abont 
12 incbes across and 1^ to 2^ incbes tbick. Tbese are 
broken into pieces by blows of a "guillotine" — a beavy 
ram faUing from a considerable beigbt-^and tbe fracture is 
tben carefully examined ; for, notwitbstanding tbe care taken 
in tbe previous processes, tbe uniformity of tbe result cannot 
be depended on. Tbe examiners, by long experience, can 
judge by tbe appearance of tbe fracture wbicb portions will 
make tbe best iron, and wbicb only second best ; as also wbicb 

♦ Mr. Truran (note to p. 227) deprecates the Btipulation by engi- 
neers of any definite mode of manufacturing a rail, as he states they 
cannot be snch good judges of what procesa will make a good rail as 
the manufactnrers are. He consequently reoonunends that the prooess 
to be employed shonld be left to the ironmasters* discretion. 

If there were any security that a trust of this kind reposed in the 
ironmasters would be faithfolly carried out, I should quite agree with 
Mr. Truran's reasoning ; but I am sorry to say that my long experience 
of the craft has not given me this degree of confidence in them. 
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kind Í8 favourable for hard cryatalline iron, and which for 
Boft fibrous stmcture. The pieces are accordingly careñill j 
selected, and each is put to its proper nse. The slabs of 
puddled iron are piled together, and welded into solid masses 
under a heavy hammer. Hammering is always used in 
working this kind of iron to the greatest eztent possible, the 
rolling being only a last process to give the proper shape 
to Buch articles as are'of uniform section, siich as tyres, 
best bars, &c., and for flattening out boiler-plates of this 
material. 

64. For articles of complicated and special forms the 
slabs of puddled metal are piled together in suitable 
masses and then worked entirely nnder the steam-hammer, 
being re-heated and re-worked until they are brought into 
the required shapes. In this way are produced large cranked 
axles, for locomotiyes and for marine steam-engines, anchors, 
stem and stem posts for iron ships, and other large masses 
of wrought iron, which are called " large forgings." 

65. Straight bars of large size^ such as axles, large shafts, 
&c., which require to be tongh and strong, are often made by 
a process caüei faggoting. A number of smaU bars of good 
iron are placed together and bound round like a faggot of 
sticks (whence the ñame) ; they are then brought to a welding 
heat in a fumace, and welded by blows of a heavy hammer ; 
after which they, are drawn down either by hammering or 
rolling, to the size required. If the original iron is good, 
axles so made are very trustworthy. 

66. A good deal of wrought-iron work is made &om what 
is called scrap, 

In manufacturing wrought iron, it is always neoessary to 
cut a good deal to waste ; and these waste pieces, as also the 
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ptincliiiigs out OÍ holes, and oíd iron generally (if olean and 
good), are teelinically termed scrap, These are not tlirown 
away, but are collected, sorted, and then made up into 
bundles, heated to a welding heat in a fornace, and ham- 
mered under heavy Bteam-hammers, £rst to weld the whole 
into a solid mass, and then to shape it into the required 
form. 

Wrought-iron work made from scrap is often very good in 
quality, if care has heen tahen in the sdection and worJcing; 
but this care is very important, as if heterogeneous kinds of 
iron are mixed together, they will not properly combine; 
or if dirt and rübbish get in, of course imperfections will 
result. " Scrap iron " mnst therefore not be considered neces- 
sarily good iron. 

67. Heavy armour-plates for ships and forts are an intro- 
duction of the last few years, and haye required special 
provisions for their manufacture, on account of their great 
size and weight, some of them being 12 to 15 feet long, 
3 or 4 feet wide, and many inches thick, and each weighing 
seyeral tons. When iron armour was ñrst thought of, it was 
f ormed by superposing thin platos on each other ; but it was 
soon found that the strength increased in a more rapid ratio 
than the simple thickness, and henee it became desirable to 
get the platos as thick as possible. The first large armour- 
plates made were those of the * Warrior,' 4 inches thick ; 
they were made of scrap iron by hammering. The scrap 
was made up into bundles, these were welded into blocks, 
and seyeral of these blocks being joined together formed 
small portions of the píate, which were at last welded into 
one. 

Subsequently a firm in Yorkshire introduccd machinery 
for making similar platos by rolling: puddled slabs were 
welded together and rolled into a large thin píate, and several 
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of ihese being laid one on the top oí ancther, were heated 
in a large fumace and welded by rolling down to the desired 
thickness. The difficulty was in manipnlatíng and heating 
Buch large masses of metal, and in constmeting rolling 
machinery that would stand the great strain ; bnt this has 
been snocessfolly acoomplished, and platea have been rollad 
upwards of 12 inches thick. Bolled platos have now nearly 
superseded those of the original hammered make, as thej 
have been found to be softer, a quality of great impor- 
tanoe in resisting the damaging effects of shot. At the same 
time the welding of the layers together is ofben fonnd 
imperfect, from the difficulty of getting snch large snrñtces 
into a perfect welding conditiou, and in applying snfficient 
pressnre. 

68. The loss in making pnddled into bar iron is generally 
about 15 per cent., partly cansed by oxidation in the 
fumace, and partly by waste ends, &c., in rolling. The 
consumption of coal may be about 50 to 60 per cent, of the 
weight of the finished bars. 
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ON THE MECHANIOAL PEOPERTIES OF IRON GENEEALLY. 

Introduotion. 

69. Before speaking of the various kinds of iron specially, 
it is necessary to say something generally about the me- 
chankal jpropertiea which we may expect to find in the 
material, and which will much influence the use and applica- 
tion of it, in whatever form it be. Indeed, so important are 
these mechanical properties, that they may more correctly be 
considered as gniding and determining the strnetural use of 
iron; for it is chiefly by our acquaintance with these pro- 
perties that we are able to decide to what structural uses, and 
in what modes the diñerent kinds and qualities of iron may 
be applied to the best advantage. 

By the mechanical properties of iron, I mean such qualities 
as the strength, the elasticity, the flexibility, the ductility, 
the hardness, the amenability to manufacturing processes, 
and so on; in short, all the qualities which develop them- 
selves in the mechanical use of the material. 

70. Now, you may become acquainted with these pro- 
perties in two ways : by the esxyperience oí oihers, and by your 
oum óbservation, 

First, as to the experience of others. It is fortúnate that 
the rapid progress of engineering science within the last 
thirty or forty years has prompted many able investigators 
to undertake inquirios and experiments on this subject, and to 
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publish their resolta f or the benefit of practical men. And 
we oonsequently now possess, on record, a large fdnd of most 
yaluable information as to the mechanical properties of iron. 
I shall have oontinual occasion during these lectures to 
quote authorities of tHis kind, and it is most desirable 
yon should, when yon have opportunity, refer to the original 
sonroes for foller information. 

But, yaluable and extensivo as are the pnblished re- 
searches on the mechanical properties of iron, and necessary 
as it undonbtedly is that yon shonld make yourselves ac- 
quainted with them, yet I must cantion yon that they will 
never supply folly the place of your own practical observation. 
Such of yon as haye any idea of engaging practically in 
the use of iron for structural purposes, may rest assured 
that however much you may read and refer, your ability to 
employ the material will be but very imperfect, imless yon 
investigate, personally, its mechanical properties for your- 
selves. 

I do not mean that yon are hastily to set up as professional 
experimenters, for, laudable as it is to give to the public new 
data of this kind, and much as you should be encouraged to 
make known any new facts of importance that may come 
before you, yet you must always remember that to give 
experimental investigations the weight and authority that 
published works should have, requires an amount of care, 
time, patience, and expense, that few men in actual business 
can command. What I do mean is, that every person who 
has extensively to use iron for structural purposes should 
lose no opportunity of gaining personal experience, by actual 
observation, and by special expenment also if necessary, on 
the strength and other mechanical qualities of the material. 

And it is not only as a matter of general information that 
this is necessary ; it is required in the every-day working of 
a manufacturing establishment, for the reason that the 
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qnalities and properties of iron vary so immensely, and are 
often 80 little to be depended on without carefol and ez- 
perienced jndgment, that a personal and practical aoqnaint- 
ance with the snbject becomes a necessary qnalification. 

The opportunities for this kind of investigation, on a scale 
sufficient for the pnrpose, are by no means oostly or difficult 
toobtain; and I conceive that no mannfactnring establish- 
ment where iron is extensively used ought to be considered 
complete without apparatos for testing its strength and other 
mechanical qnalities.* 

71. The first thing to be remarked about the mechanical 
properties of iron, is the eocceedingly wide variation they 
present, in different yarieties of the material. 

I do not mean that cast iron differs widely from wronght, 
or wronght iron widely from steel ; that is natural enough ; 
but I mean that for the same genus of the material, we may 
find all sorts of yarieties, — of tenacity, flexibility, elasticity, 
ductility, hardness, workability (to coin a word), and so on, — 
in different specimens. 

To giye yon one ezample, the tenacity of cast iron has 
been found to yary from 4 to aboye 20 tons per square inch I 
And although this is an unusual case, you will see, when yon 
come to follow the data I shall giye you, that eyery property, 
in eyery class of material, yaries oyer a yery wide range. 

On this ground I think there is some ñiult to be found 
with the manner in which the properties of matenals in 
general, and of iron in particular, are usually expressed in 
books of reference. For example, if you refer to one of these 

* An admirable establishinent has lately been set np by Mr. Kirkaldy 
in Sonthwark, called the TeBtmg and Experimental Works. It is pro- 
vided with applianoes on the most complete scale for all kinds of ex- 
periments on the mechanical properties of iron, and is open to the use 
of engineers on yery modérate terms. 

s 
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books, say for the tenacity of cast iron, you will perhaps 
find it stated that an inch bar will break with 16,476 Ibs., or 
Bome Buch figure. 

Now this, without ezplanation, is a mischievons fjBtUacy ; 
for it wonld conyey, to a person unacquainted with the 
subject, the idea that the tenacity of cast iron is a definite 
amount, which can be detenuined and fixed to a nicety, than 
which nothing can be more untme. Snch a figure, at the 
best, could only properly be explained by saying that it was 
probably the mean oí a certain nnmber of triáis of certain 
kinds of iron. Bnt, really, such a datum is of the loosest 
possible kind, and of little or no practical nse. 

The first and most useful thing to be leamt abont the 
properties of iron is that their properties wül vary extremely, 
according to a great varíety of •circumstances, and that no 
general single mean yalue can be relied on as expressing 
any where near what yon may find in the specimens yon are 
dealing with. 

If a mean is given, it onght to be folly nnderstood to apply 
only to the specimens from which it is made. A general 
mean for all yarieties of iron would haye no proper signifi* 
catión at all, and could conyey no useful practical idea. 

On th*is account I shall endeayour rather to put yon in 
possession of the extent to which the strength and other pro- 
perties of iron may yary in diflEerent samples ; and where it is 
possible I shall also try to direct your attention to the 
circumstances attending these yariations, and on which they 
may, to some extent, depend. This is the real practical 
way in which the properties of iron must be leamt, to apply 
them properly for structural uses. 

I nów go on to make some general explanatory remarks in 
regard to the most important properties of iron, namely, the 
strength, stiffness, elasticity, ductility, and hardness. 
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Tenaoitt. 

72. The most important mechanical qnality of iron is its 
strength to resist rupture, 

Rupture may be produced in several diflferent ways ; e,g. — 

By direct tensüe forcé, as, for example, puUing a bar ason- 
der in the direction of its lengtíi. 

By crushing, or compressiye forcé, as in a colnm9. 
By tranaverse stress,* as in tbe case of a beam. 
By torsión, as in tbe case of a mili sbaft ; and 
By ahearing, as in the case of a rivet. 

And consequently we have to investigate tbe kLnds of 
strength necessary to resist these varióos modes of raptare. 

73. First, we bave temile strength; the cohesive strength 
which enables a bar of iron to resist heing tom asunder when 
snbject to a tensile forcé in the direction of its length. This 
kind of strength it is usual to cali tenacity, 

The stress snffered by snch a bar is analogons to that on 
a rope in ordinary use, and it is a very oommon one in prac- 
tico. The tie bar of a roof, the links of a chain, the lower 
member of a girder, are all subject to this kind of action. 

74. The tensile strength of a bar is usuciJly assumed to he 
in direct proportion to the área of cross - seetion of the har, 
the stress being supposed to be eqnably appHed all over the 
seetion. 

^ I have endeavoured, here and elsewhere, to adopt fhe new term 
'* stress" in the sense given by Professor Banldne and other high 
English anthoríties on statics ; but I confess I ain exceedingly reluctant 
to give up the oíd engmeer*s word " strain/* which appeare to me to 
oonvey its idea so clearly that there must be little chance of expnnging 
it from the praotical mechanic's Yocabulary, 

E 2 
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Henoe if 

$ = tenaoity per square iinit, 
A = área of cros»-8ection of bar, 
Tensile BtrengÜí of bar = A s. 

75. In Bpeaking of the strengtli of iron, it is customary 
to take tbfi inch as the nnit of measnre ; and therefore, in 
defíning the tenaoity of a oertain qnality of iron, we shonld 
give the amount corresponding to the strength of a bar of 
one sguare inch in sectiofiy or 1 inch sqoare. 

The nnit of weight or forcé used in this conntry is some- 
times the pound avoirdupois ; sometimos the ton oí 2240 Ibs. 
Perhaps the former of these, the Ib., is the more correct and 
scientifie ; but it has the inoonvenience of giving yery Lurge 
numbers in almost all estimations of the strength of iron, 
generally consisting of fiye figures at least ; and I have f onnd 
that these large figures convey a somewhat oonfased idea to 
the mind — they are difficnlt to realizo, and still more 
dif&cnlt to remember. For this reason I haye always pre- 
ferred estimating the strength of iron in tona — which, indeed, 
is the nniyersal custom with practical engineers. We almost 
always deal with qnantities large enough to be expressed in 
nnits or tens of tons ; and by the addition of one or two 
places of decimals any reqnired degree of accnracy may be 
attained ; while the data are yery much simplified, and be- 
come mnch easier to recollect. 

Yon will bear in mind, therefore, that when speaking of the 
strength of iron throughont this course of lectures, I shall 
(nnless specially otherwise mentioned) always take the 
dimensions in incites, and the forcé in tons. Thus, when I 
describe a oertain iron as haying such a strength as to 
withstand, without breaking, a tensile forcé of 20 tons per 
square inch, yon will haye no difficulty in nnderstanding the 
expression. 
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76. The tenacity of iron must be ascertained experimentr 
ally. There are no means of determining it a priori. A 
bar, or otber piece of small size, mnst be subjected to actual 
tension, the forcé being increased till it breáks ; tbe hrecJcing 
forcé in tons, diyided by the área of the crosssection oí the bar, 
giving the xdtimate tenacity per square inch of the material. 

This operation, however, requiring the exercise of great 
forcé, must be done by a machine. A simple form of such 
a machine, with which ezcellent and usefal work was done, 
mil be found described in Mr. Eirkaldy's book, hereañer 
referred to. A much more elabórate and complete machine, 
intended for testing, not only the tenacity of iron, but also 
its strength to resist crushing or transverso or torsional 
strain, was devised by Major Wade at the instance of the 
American Groyemment, for the purpose of testing the metáis 
used in cannon founding. It is folly described in ' Eeports 
of Experiments on the Strength and other Froperties of 
Metals for Cannon,' published by authority of the American 
Groyemment in 1856. A similar machine has been since 
erected at Woolwich Arsenal. 

Testing machines will also be found described in the 
work of Mr. Styffe and elsewhere. The machines at Mr. 
Kirkaldy's testing works in Sofithwark are of great power 
and accuracy. 

77. Some precautions are necessary in testing bars of 
iron for tensile strength. 

In the first place, the line of stress must be parallel to 
the sides of the bar, and must pasa through the cerUre of 
gravity of the section which is to be tested. 

An excentric direction of the line of stress may often arise 
by careless formation of the trial bar. It is found that if 
the line of stress passes through one edge of the section 
instead of the middle, the bar will exhibit only one-third of 
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its proper strength, whioh shows the neoessiiy of iliis precan- 
tion. 

The sectional área of the bar, in the place where it is 
likely to break, mnst be carefully measured before any 
strain is applied. For if the metal is ductile, it will stretch, 
and will conseqnently coniract in área before it breaks. 
The amount of this contraction is sometimes very consider- 
able : it should be measured aftér the fracture, and a note 
kept of it. 

I shall hereafter say more on this point when I come to 
speak of the experiments that have been made on the tenacity 
of wrought iron. 

Then a necessary precaution is, that (in this as in all 
other modes of testing up to rupture) when the breaking 
point is approached, the weights should be added in small 
increments, allowing sufficient time between each for the 
weight to take its action. A bar will oñen stand a minute 
or two before it breaks under its ultímate load. Sometimes 
also a slight vibration or a gentle tap with a hammer is 
usefol in determining the breaking point ; but this must of 
course be done cautiously, or the bar will appear weaker 
than it really is. 

Stbength to Resist CBüSmNO. 

78. The next Mnd of strength is the reverse of the former : 
it is the strength to resist rupture hy a crusMng or comjpressive 
force^ as in a column, a strut, or an arch. 

This is of quite a dififerent nature from the tensile strength ; 
for some forms of iron, which excel in the first, are very 
deficient in the second, while other forms are the contrary 
in both respects. 

79. The compressive strength of every form of iron has 
therefore to be determined by direct experiment. And this 
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is done in a way somewhat analogous to the other, viz. by 
forming small pillars of the material, and sabjecting tbem 
to a direct crushing Btrain, in tbe direction of tbeir length, 
tiU tbey give way. 

A machine used for this pnrpose by Mr. Hodgkinson, in 
bis valuable experimente on cast iron, will be found de- 
Bcribed in the Bine Book of 1849. 

The crushing test is also sometimos done by a "hydraulic 
preas, the ram being made to press directly on the sample 
cnbe or short pillar to be tested. This is a very simple 
mode of operation, but it involves some difficulty and imcer- 
tainty in the estimation. It is not easy, in the first place, 
to get accurately the real hydrostatic pressure which i» 
being exerted at a given time. It is sometimos calculated by 
the opening of a weighted safety-valve, but it is not always 
a simple matter to determine accurately what the eñective 
área of the valve is. 

The pressure is better determined by weighting the 
plunger of the pump, Imt in this case there is also an 
uncertainty ansing írom the friction of the leather packing, 
which is pressed with much forcé against the plunger side. 
Then there is also a considerable friction from the leather 
packing round the largo plunger, the valué of which is díffl . 
cult to ascertain, but which renders the nice determination 
of the pressure uncertain. It has been estimated that the 
friction of the plunger may sometimos amount to as much as 
10 per cent, of the whole power. 

The hydraulic press is often used for other kinds of test- 
ing, but the same objections will always apply. The de- 
termination of the forcé by actual weight is the much more 
positivo mode. 

80. The strength to resist crushing is, like the tenacity, 
usually taken to be proportional to the sectional área of the 
piece under triaL 
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81. ThiB proposition, however, is not so generally tme 
as in the former case. Mr. Bennie called it in qnestion long 
ago as regarded bars of modérate size, his experiments lead- 
ing him to snspect thai the resistance to crusbing increased 
in a higher ratio than the área. But Mr. HodgkínsoD, on 
carefdl repetition of the experiments, did not find this opinión 
oorroborated, and arrived at the condusion, that in pieoes of 
modérate proportions the strength was directly as the área 
of transverso section. 

When, however, the transverso size of the specimen is very 
much increased^ the law does not hold good. Suppose, for 
illnstration, we take a oube of a soft material like lead, and 
snbject it to compressive strain. If the sides of the cnbe are 
nnconfíned, the metal will freely bnlge or ooze away, and 
the natural weakness of the metal will be evident. Bat if 
we confine the sides, so as to prevent this oozing away, we 
may make this soft material support any weight, like water 
in a hydraulic press. 

Accordingly, if we have a very largo área of snrface (say, for 
example,a flat píate) exposed to compression, the inner portions 
will be confined by the outer ones, and prevented from oozing 
away ; thns they wiU sustain 'much more than if they were 
mioonfined, and as a consequence the resistance of the whole 
plato will be increased beyond that due to the natural 
strength of the material. A píate, for example, 12 inches 
sqoare and 1 inch thick, wonld support much more than 
144 times as much as a one-inch cube. 

This is well known in practice ; for it is a very common 
thing to put a sheet of lead under great weights, in order to 
give them an equable bearing on the surface below — the lead 
in such cases supporting much more, per square inch, than 
it would if in a small piece. 

I have hitherto spoken of a soft metal ; but if it is hard, 
we shall still have an analogous effect in large platos, the 
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centre portions being npheld and sapported by the snrroünd- 
ing ones, and 80 preyented £rom crashing, as they wonld do 
if free. 

However, in speaking of the compressive strengih oí iron 
in the ordinary way, we are accustomed to consider only 
pieces of sncli modérate size as not to come within tliis law, 
and tberefore it is cnstomary to consider the strength to be 
proportionate to the área. 

82. It is yery important that when specimens of iron 
are tested for compressiye strength, their length should 
be properly proportioned to their diameter. If they are too 
long, they will be liable to hend under the strain, and will 
break with less than the true crushing forcé. If, on the 
other hand, they are too shorij they will fall within the ex- 
ception jast mentioned as applicable to platos, the fracture 
will not be properly deyeloped, and the metal will appear 
stronger than it really is. 

The American experimenters giye for the proper limits, that 
the length shonld not be less than twice, ñor should it be 
more than three times, the smallest transyerse dimensión. 
Mr. Hodgkinson takes the limits between one-and-a-half and 
three times— agreeing pretty nearly with them. 

Then, again, care must be taken (as in the case of tensile 
strength) that the line of pressore passes jparallel to the sidea 
of the specimen, and through the centre of its aection, 

Fnrther, in testing for compressive strength, it is necessary 
carefolly to watch for the point ai which rupture takea place ; 
and to determine this accurately requires some experience, 
as diñerent qualities of material behaye diñerently nnder 
extreme strain. A hard metal, for example, with little 
ductility, will yield but little, under the progressiye strain, 
but will crack and fly to pieces suddenly. On the other 
hand, a softer and more ductile metal will giye way consider- 
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ablj as the pressnre mcreases, and chango its shape so mnch 
before actual fracture as to render it difficult to determine 
where the point to be termed degtrttctive cruahing really lies. 

Tbansyebse Stbenoth. 

83. Another way in which the strength of a material is 
shown is by resisting rupture from transverse stress. 

This is the nature of the strength which comes into play 
when a single bar of iron is used as a beam ; being laid hori- 
zontally on supports at the ends, and loaded in the middl& 

There is undoubtedly a connection between strength in 
this direction and the simple tensile or compressiye strength*; 
and Tredgold, one of the earliest investigators of the strength 
of Iron, endeavoured to deduce one from the other ; but not 
being in possession of all the elements necessary for the 
calculation, he got yerj much wrong. 

84. It is always the custom in practico to determino this 
kind of strength by direct and independent observation ; and 
to do this is the simplest of all experiments. We hayo 
merely to take a bar of rectangular section, support it upon 
two props ; and load it in the middle till it breaks, noting 
carefully all the dimensions, and the ultimate breaking load. 

85. It is necessaiy then to put the result in some genend 
form comjparable toüh other resuUs, and this is done as follows r 

The principies of mechanics teach us that in rectangular 
bars of similar material the breaking weight ought to yary 
directly as the breadth, directly as the square of the depth, 
and inyersely as the length between the supports. If then 

6 = breadth 

cí = depth all taken in iüches, 

/ = length between sapports 
W = breaking weight in tons, hung on the middle, 

TbenW = A-^, 
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where A is a constant depending on the strengtli of the 
material. 

Tlierefore, wliatever the dimensions of the bar tried, the 
constant A, being found sucb a valué as will satisfy the 
equation, will express the tranaverse atrength of the maierial 
in a way to enable it to be compared with experiments on any 
other bars. 

Stbength to Bbsist Euptube bt Tobsion. 

86. The fourth Mnd of strength is that which resists 
rwpture hy torpón; the best example being a mili sliaft in 
machinery, where the power is applied tangentially at one 
end to moye a tangential resistance at the other. 

This also is usually determined for any given material, 
bj direct experiment. 

87. The way the strength is expressed, so as to compare 
with other results, is as foUows : — 

The resistance to torsión of a circular shaft varios as the 
cube oí the diameter; and the amonnt of twisting forcé is 
expressed by what is called its moment, i. e. its amonnt in 
a tangential direction, multiplied into the perpendicular or 
radial distance of the tangential Une from the centre round 
which the shaft tums. If therefore M = moment of twisting 
forcé suf&cient to break the bar, 

M = Bds, 

where B is the constant that expresses the strength of the 
Material to resiat fracture hy torsión. 

Stbength to Bbsist Buptubb bt Sheabino. 

88. This is a kind of strength which, though entering 
largely into modern theoretical calculations, has been so little 
investigated experimentally, as scarcely to admit of special 
mention here. Its principal practical appHcation is in 
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rii>etingy the rivets in iron straotures being Hable to be 
sheared off by a strain at right angles to tbeir axes. In this 
case, experimenta seem to haye warranted the assmnption 
generally acted on, that the strength to resist shearing varíes 
directly with tbe sectional área, and is about the same in 
amount as the longitudinal tenacitj. 

Stiffñess and Elastioitt. 

89. After the strength oí iron to resist rupture, the next 
important property is that which affects its chango oí form. 
This involves the inquiry how much the material will bendy 
yield, or give toay, under a given strain applied. 

A great variety of terms are nsed by mathematicians in 
treating of this subject ; such as stifíhess, pliability, exten- 
sibility, compressibility, flexibility, elasticity, resistance, and 
80 on. But as my object now is entirely practical, I shall 
endeavour to confine myself to those which have a directly 
practical signification, and the meaning of which I wiU try 
to make clear in a practical point of yiew. 

If we attach one end of a bar of iron to the ceiling, and 
hang a weight fo the other end, the bar will stretch. The 
property which enables it to do so is called esdensibility, 

If we rest one end of the bar on the floor, putting it 
upright like a column, and lay a weight on the top, it will 
shorten or compress. This is due to am/pressihility, 

We want, however, one word to express both these qnali- 
ties,* and in default of a better we may use the word "jpZt- 
ahility," this representing, so to speak, the willingness of the 
bar to extend or to compress when a forcé is applied in either 
direction. The reverse of this, i, e, the reludance of the bar to 

♦ The Grennans havo coincd a very uBeful and comprehensiye word 
Verschiedbarkeit, to denote that property of a body in virtne of which it 
can assume any kind of chango of form, whether resulting from tensión, 
compression, flexure, or torsión. 
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alter, I Bhall cali stiñhesB ; and it is the stifinesB of iron we 
shall Lave to investígate. 

90. Now if the straining forcé is small, the bar will, on 
the forcé being removed, tend to retum to its former length ; 
this tendeney, as yon know, is termed élasticity, 

If the bar does retum fully and perfectly to' its original 
length, the elasticity is said to be perfect. If it does not so 
retum, but retains, after the weight is removed, a permanent 
alteration (or, as it is practically called, a permanent set\ the 
elasticity is invperfecU 

91. The theoretical nature of elasticity is a complicated 
subject, but we may assume, in practico, that the elasticity 
of most bodies is sensibly perfect so long as the stress 
does not exceed a certain limit. If it is carried beyond this 
limit the elasticity ñdls, and a permanent set will result. 

This point is called the limit of elasticity, and it plays a 
very important part, both theoretically and practically, in 
the strength of materials. 

The limit of elasticity has been described by Professor 
Eeilly as that poinf beyond which an increasing permanent 
set is observed on repeated re-applications of a load of the 
same intensity. Or, as another definition, it is that point 
beyond which the deformation oeases to be approximately 
proportionate to the intensity of the load. 

The limit of elasticity is generally mnch below the point 
of fracture. It varios exoeedingly in different bodies; in 
tempered steel, for example, the rango of perfect elasticity is 
very large ; in wrought iron it is much less ; in cast iron 
less still ; in lead almost nuil. In iron the relation of the 
limit of elasticity to the breakíng weight depends not only 
on the chemical constitution of the material, but also on the 
manipulation to which it has been subjected. Mr. Styffe 
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found it yary from about O * 5 to O * 7. In some few specimens 
it was as high as O * 8. 

Now as the alteration of the elastio power of the body is 
a step in the road towards raptare, and as in many cases 
when this limit is distinctly and sensibly passed, the damage 
increases in a fast ratio, it foUows that in all iron stractores 
the dimensions shoald be sach that the stresses on the varioas 
parts will, ander the greatest possible loads, remain within 
the elastio limit, so far as this can be determined. Forther 
explanation on this point will be given under the heads of 
the dififerent kinds of materiaL 

The determination, b^ experiment, of the limit of elas» 
tioity for a given material is a ver j troablesome and oncer- 
tain process, it being so exceedingly difficalt to determine 
the point whére permanent set begins. Indeed it often 
happens that what may be called a false permanent set may 
be observed, inasmach as it is foand (Stjffe, Art. 11) that an 
extended bar does not, on the removal of a forcé clearly within 
the elastic limit, instantaneoasly resome its original length, 
bat a so-called secondary action ensaes, t. e. the bar at first 
assames a length slightly different from its original dimen- 
sions, and retams only by degrees to its primitivo length. 
Henee the limit is hardly capable of being ñxed with exact- 
ness, it can only be approximated to. A margin shoald always 
be left in application, to cover deviations on the wrong side 
of the approximate limit. 

Mr. Styffe treats this subject at considerable length. He 
alindes to the practical defínitions given by many physicists, 
which he objects to as arbitrary and uncertain, and he pro- 
poses another one, which he considers preferable. For this, 
his work, Art. 18, may be referred to. 

The limit of elasticity in metáis may be raised by cold 
hammering, cold rolling, wire-drawing, or by other analogons 
manipalations, which tend to chango the molecalar con* 
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stitntion ; and this metkod of increasing the elastícity is often 
taken adyantage of practically by workers in metal. Mr. 
Styñe found tliat the limit of elastícity of a sample bar was 
raísed about one-third by repeated experimental stretching. 

If a bar be stretched several times in succession by a load 
snfficiently great to produce permanent elongation, it is 
fonnd that this load causes each time a new elongation, 
álthougb its yalue, other things being alike, becomes each 
time less than at the preyious experiment 

92. It is a condition of perfect elasticity that the body 
will stretch an equal quantity for eyery equal increment of 
forcé added ; or, in other words, that the amount of eoctennon 
shall be proportional to the forcé applied, Dr. Hooke laid 
down this law under the well-known axiom '* ut tendo sic ma^ 
which is taken as always practically true within the limita 
under which the elasticity remains unimpaired. 

It is also a further condition that, always under this limit, 
the same amount either of extensión or compression will be 
produced by the same forcé. 

Now in the estimation of the stiffiíess of iron, which we 
shall hereafter have to oonsider, it is customary always to 
assume that the strain is kept within the limit of elasticity, 
and that within that limit the elasticity is perfect. This is 
not absolutely true with all kindsof iron, but the exceptions 
will be noted when we come to them. 

The problem, then, of estimating the stif&iess, or its 
inverso, the pliability, becomes to ascertain how much 
(always within the limit of perfect elasticity) a bar of iron 
will stretch or compress under a given strain. 

This must be fóund by experiment. Let 

I = length of bar in inches, 
a = its área in inches. 
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And Buppose that by applying to its end a longitadinal 
forcé = W in tona, we produce in it an extensión or com- 

Wz 

pression = A. Then the fonction — is constant for tlie 

same material, whatever the dimensions of the bar or the 
forcé applied, and therefore represents the stiffness of 
the material. 

93. It íb usual to cali this constant the coefficient or 
modtdus of élasticity (a ñame given to it by Dr. Toung) ; but 
this does not seem to be a correct ñame, as the constant has 
nothing to do with the limit oí élasticity, which is the only 
measurable thing belonging to that property. 

It is more correctly the modtdua or coefficient of elastic 
stiffneas, being the reciprocal of the longitudinal pliability. 
It is always designated in modem mechanics by the Boman 
capital letter E. 

94. The élasticity and pliability of iron are also shown 
when a bar is weighted transversely. 

It will hend under the weight, and if the strain does not 
exceed the limit of élasticity, it will recover itself when the 
load is removed; if this limit is exceeded, a permanent 
distortion wül be produced. This bending, in the case of 
beams, is called deflection, and the modulus of élasticity 
enables us to calcúlate it for any given size and form of 
beam. 

The same qualities are also shown when a bar is submitted 
to torsional strain, as in the case of a shaft in machinery. 
The shaft will twist, and will recover its straightaess when 
the forcé is removed. 

DuOTILITr. 

95. If the forcé longitudinaUy applied to extend a bar is 
carried much beyond the elastic limit, the property of 
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ductility comes into exercise. If the bar is very ductile, it 
will elongate and stretch considerably before it breaks ; in 
some yery ductile materials it would scarcely break at all, 
but would go on stretching almost as long as the forcé could 
be continued. 

On this principie tbe length to whicb a bar will stretch 
before it breaks fumisbes an indication of tbe ductility, 
wbicb can be estimated by careful measurement wben tbe 
iron is tested for tenacity. 

■ 

96. This element is of much importance in estimating the 
valué of iron to resist strains. 

For supposing we have two kinds of iron of equal tenacity, 
t. e. that an inch bar of each will break with the same weight. 
But suppose one of these bars is very brittle and hard, and 
will break without extending scarcely at all, while the other 
will stretch considerably before it breaks ; it is evident that the 
second bar will be far safer to use than the first, and con- 
sequently that the tenacity, taken alone, is not a sufficient 
test of the effective strength of iron for structural purposes. 

This consideration, however, obvious as it is, has often 
been lost sight of. For example, in the case of the unfor- 
tunate iron ship * Eoyal Charter,' which went to pieces, with 
such an awful loss of life, suspicion was aroused that the 
platos were not so good as they ought to have been, and they 
were tested accordingly. They were found of fair average 
tenacity, and were therefore pronounced good ; but it may 
have happened that, in spite of this tenacity, they were 
hard and brittle, which would be a worse defect under such 
circumstances than weak cohesivo strength, as it would 
almost ensure the breaking up of the ship under heavy 
concussions. 

Be this how it may, there is no doubt whatever that large 
quantities of píate iron in the markets, although of fair 

p 
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tensile strength, is mnch wanting in ductility, and I cannot 
theiefore too atronglj impress on you the importance oí this 
quality, particularly for purposes where the iron is »ubject to 
sudden stroins. 

97. We are indebted, first to M. Poncelet, and subse- 
quently to Mr. Mallet, for an endeavoiir to combine the 
tenaciiy and ductility in one expression, by stating the quantity 
of work or mechanical power exerted to break a bar. 

Work, as you will probably know, is the expression used 
in modem engineering mechamos to denote the componnd 
function of forcé applied, x space through which this forcé 
acts. 

Suppose we have a bar of dáctilo iron attached, as before, 
to the ceiling, and weighted at its lower end, so as to put it 
in tensión. And suppose we gradually increase the weight 
from O till the bar breaks with a weight = W. 

And further, suppose that at the time of rupture the bar 
has extended a quantity = X, then the quantity of work 
developed in this process is assumed to be represented by 
the function = ^ W A. 

Now as a standard of comparison it has been proposed 
to give, in regard to any iron, the quantity of work necessary 
to hreah a bar one foot long and one inch square, which is 
found by multiplying half the ultimate tenacity by the ulti- 
mate elongation in 1 foot of length. 

This shonld be stated, not in tons and inches, but in Ibs. 
and feet, it being customary to express work in the unit which 
is called a foot-pound, i. e. 1 Ib. moved through a space of 
1 foot. It will be easy to convert our data into this form. 

The quantity here alluded to has been called Poncelet's or 
Mallet's coefficient, and it gives, as I shall hereafter explain, 
the best indication of the toughness of iron (which is a com- 
ponnd of the tenacity and the ductility), and may therefore 
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represent the power of the iron to resist blows, concussions, 
and sudden strains. * 

Habdness. 

98. Anotlier qualitj of iron, of great mechanical import- 
ance as regards its structural use, is its Jiardnesa. 

The well-known popular expression "ew hard as iron'* 
would lead to the supposition that all iron was very hard ; 
and so it is, as compared with many other metáis. But, 
really, it is very varied in this particular, some varieties 
being almost as hard as precious stones, while other kinds 
are as soft as brass. 

And it happens that these different degrees of hardness 
are convenientlj adapted to the different uses the material 
is put to. In tooU^ for example, a high degree of hardness 
is desirable, as it also is in all parts of machinery, and 
other articles subject to wear ; while, on the other hand, 
hardness is a disadvantage in articles which have to undergo 
the operations of the workshop, as turning, boring, drilling, 
or planing. For this purpose, the softer the material is the 
better. 

99. The hardness of iron has been one of the most im- 
portant considerations entering into the use of iron for the 
armour plating oí ships of war, and occupiéd much the atten- 
tion of the Committee who some years ago investigated that 
subject. For, contrary to all previous expectation, hardness, 
so far from being a desirable quality for armour platos, 
preved to be the worst defect they could have ; and all the 
efforts of the Committee were directed to induce the manu- 
facturers to supply iron of the greatest possihle ao/tneaa, in 
which, by perseverance, they have tolerably succeeded. 

100. There have been but few systematio attempts to 
determine and define the hardness of diñerent kinds of iron. 

F 2 
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Workmen who have to opérate on the material can estímate 
it practically with tolerable precisión, bj its behavionr imder 
their tools. There are many signs by which hardness and 
Boftness are known to persons accustomed to the material, and 
a simple touch with a file will give, to a practised hand, 
Bometbing of an indication. 

But I am not aware tbat any defínite scale of hardness was 
ever adopted for iron, or any means devised for accurately 
testing it, before tbe American experiments on cast iron I 
have already mentioned. 

Tbe mode tbe experimenters adopted was by jpressing a 
pointed punch witb a given forcé upon tbe surface of tbe metal, 
and measuring tbe capacity of tbe indent made. Tbe most 
convenient form for tbe puncb was fomid to be a pyramid, 
making an indent of a corresponding sbape, tbe content of 
wbicb could be easily estimated by measuring tbe longest 
side. ^be forcé used was 10,000 Ibs. 

Tbere appeared some difficulty in deñning a standard of 
bardness, and, in defanlt of a better, tbe experimenters took, 
as unity, a certain indentation ratber greater tban tbey could 
produce in tbe softest metal (bronze) used for cannon ; tbe 
bardness of otber specimens was tben measured by tbe inverse 
proportion of tbe indentation made in tbém. 

Tbus tbe standard indentation being 8 * 33 cubic tentbs of 
an incb, if in a certain iron tbe indentation was found 
= O • 33 tentbs, it would be described as of a bardness = 10. 
If O 165, it would be 20, and so on. 

Tbe Iron Píate Committee contemplated, at one time, 
adopting a similar kind of test, but tbey found tbe practical 
indications given by tbe plates, wben fired at, were usually 
suf&cient to determine tbeir comparativo quality. 
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CHAPTEE IV. 



CAST lEON. 

101. Cast iron is the first form in which we get iron, ao- 
cording to the usual English process of smelting. The produce 
of this process is exhibited in the shape of rough bars or 
ingots, called " pV*j" *^® material itself, in this stage, being 
called " pig iron." 

This material is fusible under a modérate heat; and by 
melting these pigs, and casting them into moulds, we obtain 
what are called castings, in the material called cast iron. 

102. It is not, however, all pig iron which is fit for this 
use ; for pig iron is also used for the manufacture of malleable 
iron, and the qualities made for the two purposes are quite 
distinct ñrom each other. 

The kind intended for making cast iron, is called foundry 
pig, and it is only with this variety we have now to do. 

103. The process of melting the pig and casting it into the 
required shapes is called iron founding (from the French 
fondre, to melt), the place where it is done is an iron foundry, 
and the person who does it is an iron-fownder. 

104. The iron is melted in a vertical fumace called a 
cupola, which is, in fact, a miniature imitation of a blast 
fumace. It may be from 8 to 15 feet in height, and 2 to 
4 feet square, and it is usually built of iron platos, and lined 
with £re-brick, to withstand the heat. It is fiUed with coke, 
which is kept in a high state of incandescence by a blast of 
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air, introdnced throngh one or two twyers some distance from 
the bottom. The pig iron is broken into small lumps, and 
Í8 thrown on the top oí the incandescent fuel, when it 80on 
becomes melted and drops down ihrough the interstices oí the 
coke to the bottom part of the f nmace, where it collects till it 
is wanted. To complete the parallel with the blast fnmace, 
a little limestone is often added as flux, to purify the iron by 
combining with the earthy matters contained in the pig, and 
forming a vitreous slag. At the bottom of the cupola is 
formed a small tap-hole, which is nsnally stopped with sand 
or clay ; when sufficient iron has melted, this hole is oponed 
or " tapped " and the metal flows out, being canght in large 
bowls or iadles, by which it is carried away for use. 

By proper contriyance the contents of several cupolas may 
be nsed together to form a large casting ; but in establishments 
where very large articles are required to be made, the iron is 
melted in largor qnantities in a reverberatory or air furnace 
specially constmcted for the purpose. 

105. The moulds are made in sand, of a kind which will 
adhere together in the shape it is pressed into. A patiem or 
modd of the artide required must be made, generally in 
wood ; the sand is rammed upon this, and when the pattem is 
withdrawn, a mould of it is left in the sand ; the melted iron 
is then poured into the mould, a casting is produced having 
the shape of the original pattem. The pattem must be 
about one per cent, largor than the intended size, to allow 
for the shrinkage of the metal in cooling, and many pre- 
oautions are necessary in forming the pattem to make it 
^^ leave the sand," and otherwise to facilitate the operation 
of moulding. These are difficult to describe, and are better 
leamt by a yisit to an iron foundry. Holes in the casting 
are made by inserting in the moulds pieces of dried sand 
called cores. 
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In gome cafies of larga castings, the moulds, instead of 
being formed in loóse sand from a pattern, are built np in 
loaruy a mixture of sand and claj, which is then dried, pre- 
paratorj to the admission of the iron. 

When cold the castings are cleaned from the sand, and the 
superfluous pieces chipped off with a chisel, when they are 
ready for delivery. 

106. The process of iron foonding comes strioHy within 
the province of the engineer. The busineM of the iron 
producer ends, in the case of cast iron, m£li the delivery into 
tile market of the pig in its yarious qnalities. It is the duty 
of the engineer to make hinuiélf acqnainted with the whole 
process of its conyersion ínto castings, as there are many 
circnmstances attending this process which directly influence 
the use and application of the material. 

107. The first thing is the quality of the pig. Foundry 
pig iron is distinguished from that intended for making 
wrought iron, by containing more graphitic carbón in its 
composition, and being softer and more open in the tezture, 
and more dull and grey in the colour. 

There are three kinds of foundry pig, distinguished in the 
trade as Nos. 1, 2, and 3, respectively. No. 1 is the largest 
in texture, and is generally the dearest ; Nos. 2 and 3 are 
Buccessively of closer grain, and cheaper. 

Now the first duty of the founder will be to determine 
what kind of iron he will use to make his castings, and in 
this he will be guided by the nature of the object to be made, 
and the purposes it is to serve. We shall see as we go on 
that cast iron is subject to very wide variety in all its 
mechanical qualities, and the founder should aim to give his 
casting such qualities as it may specially require. In some 
castings strengih may be the paramount object; in others, 
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hardne88 may be more important ; in otliers, precisely the 
reverse, softnesa ; in others, ^neness of surfaoe ; and so on, all 
which yarieties may be obtained by tbe skilful maker. 

For this parpóse tbe elements of bis cboice are tbree- 
fold, viz, : — 

1. Tbe different qualities of tbe tbree nnmbers of pig. 

2. Tbe differences, even in tbe same number^ made by 
different makers. 

8. Tbe differenoes wbicb may be obtained by different 
manipulation in tbe foundry. 

Tbe two first of tbese I may dismiss briefly. 

In regard to tbe qnality of tbe different naínbers re- 
spectively, tbe general rule is tbat No. 1 pig is usnally soft 
and tender, wjiile Nos. 2 and 3 are progressively barder and 
stronger. 

But secondly, tbe same nmnber of pig will bave very 
different qualities as made by different makers. To deal 
witb tbis fact fully and snccessfuUy in practico, can only be 
accomplisbod by tbe experience of almost a life-time passed 
in tbe foundry trade. 

108. But tbe tbird cause of variety in tbe quality of cast- 
ings, t. e. tbe variety produced ¡by different modes of treat- 
ment of tbe material in tbe foundry processes, comes more 
legitimately witbin tbe discussion of tbe engineer. And tbese 
differences are of several kinds. 

y 109. First : — tbe very process of simple melting alters tbe 
quality ; for if we take a piece of simple pig iron, melt it, 
and run it into a mould, we sball fínd tbat tbe resulting cast- 
ing by no means corresponds in quality witb tbe pig írom 

. wbicb it was made. 

\ Tbe process of melting eliminates some of tbe impurities, 
and tbereby improves it in strengtb and makes it barder. 
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Pig iron, being tlie first produce from the blast fumace, is 
called first rneUing, When this is re-melted and cast, it 
becomes second melting. Wben further melted and cast it is 
termed third melting. It is found tbat, as a general rule, 
seoond melting is better than ñrst; and third better than 
seoond. 

It is essential to bear this in mind; for it sometimes 
happens that in the iron districts, ironmasters will, to save 
expense, make castings by running them direct from the blast 
fum&oe, first melting ; and where there is danger of this being 
done, the engineer ought to stipulate that the castings shall 
be made from the cnpola, second melting, and not from the 
blast fumace. 

Sir Wm. Fairbaim attempted to ascertain to what extent this 
principie would hold good. He procured a certain descrip- 
tion of pig irón, and melted it eighteen times over, preserying 
each time samples for trial, in the shape of a bar of certain 
size, and a cube. The bar was tested for transverso strain, 
with these results: — With the first melting, it broke with 
490 Ibs., and its strength gradually increased till, at the 
twelfth melting, it carried 692 Ibs. ; it then diminished again, 
till at the eighteenth it broke with 312 Ibs. 

The cube was tested for crushing^ and it gave as follows : — 

Ist melting 44 tond 

12th „ 73 „ 

14th , 95 „ 

18th „ 88 „ 

showing a somewhat similar kind of result, though more 
irregular. 

Independently of the improvement by the simple fact of 
re-melting, it has been found that the length of time during 
which the iron continúes in fusión has an influence on the 
quality, the strength improying as the iron is left longer in 
the fumace. 
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I believe these facts are ezplained metallurgically by the 
conversión of tbe grey or graphitio cast iron more or lesa 
into the white variety, by the losa of its free carbón, the 
latter kind being naturally Btronger. And it has been 
pointed out that the degree in which iron is improved by 
repeated meltings, may depend mnch apon the kind of iron 
employed; and also to some eztent on other conditions of 
casting. 

But granting that in some cases the strength might increase 
np to the tenth or twelfth meltings, there are practical con- 
siderations which preyent anything like so large a number 
being used. 

In the first place the iron, althongh it may become 
stronger, becomes also harder and more brittle by these 
repeated meltings, which would of itseK be a disqualification 
for most purposes to which castings are applied. 

And then again, there is a cortain necessary waste in every 
melting, which would render its frequent • repetition too 
expensive. 

In practico it is seldom found advisable to carry it beyond 
the third; indeed the majority of castings are uuuie meiély 
second, 

y^ lio. But the most important variation which the foundep 
is able to make in the treatment of giVen materials is by 
miocing them. It is found that the mixtures of different 
kinds of pig, melted together, will produce greatly improved 
resnlts in the quality of the castings. It is not only the 
mixtures of different numhers of pig, but also by mingling 
the produce of difiEerent makers ; and it is, moreover, found 
beneficial to mix di£ferent* méUings together, which is done by 
the addition to fresh pig iron of what is called foundry scrap^ 
t. e. broken castings, or other waste pieces resulting from 
previous foundings. 
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111. Then difierences of quality in castings^will aríse 
from their position in the mould. The portions of a casting 
lying at the bottom of a deep monld, and which are conse- 
quentlj snbject to a greater hydrostatic pressore of the 
fluid metal, are more solid^ and of higher speciñc gravity 
than the upper portions, and less Hable to flaws and air-holes. 
Whether or not the metal is actually stronger, appears un- 
certain, but the advantagcs of soundness and density are of 
considerable yalue. 

There is also some difference due to the position of the 
monld. Bars cast horizontallj will differ from those cast 
vertically, and the preference is generally given to the latter 
position, as giving greater hydrostatic pressure. 

'^ 112. Further, the quality of a casting will depend on the 
mode in which it is cooled. Eapid cooling, to a certain limit, 
appears to be more favourable to strength than slow cooling 
while it at the same time makes the metal harder. 

J>( 113. It is possible indeed to give an extreme hardness to 
the snrface of castings by very rapid cooling. This is done 
by a process called chiUing, in which the melted metal is 
poored into monlds of iron, the coldness of which (owing to 
its rapid conduction) chills the snrfaces, and makes them 
eztremely hard, giving them at the same time a peculiar fine 
white texture. 

The conversión of soft grey into hard white cast iron by 
sudden chiUing, is explained by the passage of carbón from 
a £ree or graphitic state to a state of perfect chemical com- 
bination — a chango which has been already alluded to in 
speaking of the production of the metal. It is not all iron 
that will take this process, but the founders who use it 
become aware by experience what pig to employ. 

The process of chilling is very useful in many cases where 
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a hard snrfaoe, to withstand wear, ia reqnired to be given to 
one portion of a casting, the remainder being kept in the 
ordinary condition. 

^^ 114. The Americans, in the manufacture of the huge cast- 
iron guns for which thej have been so famous, have introduced 
an application of the cooling procesa which they have found 
of great valué. The usual plan of making cast-iron guns 
is to cast them solid, and bore them out. In this mode the 
cooling of the metal commences on the outside, and gradually 
proceeds inwards ; and there is little doubt that in this way 
the exterior becomes more perfeet and stronger in its texture 
fhan the interior — ^the «Arin, as it is termed, being always con- 
sidered the best part of the casting. 

But it being clearly of the greatest importance to have a 
good quality of metal in the interior of the barrel, the 
Americans have reversed this process. They now cast their 
guns hollow, and cool the interior rapidly by allowing water 
to circuíate through the core ; while at the same time they 
keep the exterior toarm by artificial heat, so as to protract its 
rate of cooling. 

It has been found, by comparativo experiments on guns 
cast according to the two methods, that the hollow ones 
greatly surpass, in strength and endurance, those formed on 
the solid plan. 

115. As an example of how much improvement may be 
made in the quality of cast-iron articles by attention to the 
foundry processes, I may quote the statement of the American 
reporters, that the mean tenacity of the metal of cast-iron 
guns cast in the Government foundries in 1851, was greater 
than some ten years before by above 60 per cent.; this 
result being attributable, not in the least to the introduction 
' of any new material, but to greater study and care in using 
it to the best advantage. 
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116* When cast iron is cast in large masses, it is foiind 
that it crystallizes diflferently in different portions of the 
mass; tho external siirface, whicli cools fírst, is cióse and 
strong, but the interior is coarser-grained and weaker, and 
often (in very large masses) spongy and unsound. 

Henee in small oastings, in which the external sorface 
bears a large proportion to the whole eubical content, we 
shall haye a greater average strength than in large masses, 
where the weakening influence of the interior is more per- 
ceptible. 

I shall give striking instances of this in speaking of 
transverso strength. 

Steength. 

117. I now proceed to tell you what is known about the 
strength of cast iron, distinguishing the strength to resist 
rupture in the four ways by — Tensión — Compression — 
Transverso loading — and Torsión. 

118. First, as to the tensile strength or tenacity of cast iron. 
Cast iron had ,been long in use before any experiments 

were made to ascertain its resistance to direct tensile 
strain. About the commencement of the presen t century it 
was first used for beams ; and it was the application of the 
material by engineers in this way that induced Tredgold to 
write, in 1822, his celebrated book on the Strength of Cast 
Iron. Tredgold mentions a few direct experiments on the 
tensile strength of cast iron, but he appears to have had no 
conñdence in them, being somewhat contradictory and un- 
certain ; he therefore attempts to dedace it from the tr ana- 
verse strength, which is pretty well known, and which indeed 
he experimented on himself. 

When a bar is supported horizontally at the two ends, and 
loaded in the middle, if we suppose the elasticity perfect, 
there will be a certain relation between the weight on the bar 
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and the tensile stress on a giyen fibre at the lowest point at the 
middle oí the beam. 

On this assumption therefore Tredgold dalculated, írom 
the hreaking tranaverse toeight, what he conceived wonld be 
the ultímate tensile longitudinal stress. He assumed that the 
position of the neutral line remained fízed up to the breaking 
point; and in this way he made out the ultimate tensile 
Btrength of cast iron to be 18 to 22 tons per square inch. 

Mr. Eaton Hodgkinson many years afterwards pointed out 
the error Tredgold had made. He showed that in conse- 
quence of the imperfect elasticity of the material, and its 
departure from the analogy Tredgold had assumed, the neutral 
line, at the time of fracture, instead of remaining in the 
middle of the section, carne yery near the top, and that 
therefore the whole calculation was wrong. 

He suspected that Tredgold's estimate of the tensile 
strength was very much overrated, and he institnted a series 
of direct experiments to test it ; which are reported in vol. vi. 
of the Eeports of the British Association. 

119. These experiments were made by directly pulling 
asunder bars of from 1 to 4 square inches in sectional área, 
and cast from several different kinds of iron. 

The highest tried gave an ultimate tensile strength of 9 * 75 
tons per square inch ; the lowest 6 tons ; the mean of all 
about 7*37 tons; being only about one-third the amount 
given by Tredgold. 

Previously to this, however, the tensile strength had been 
directly tested in Franco, the results being given by M. 
Navier as foUow : — 

Máximum 9*08 tona 



Minlmum 5'09 



»> 



Mean 7*19 „ 

The Iron Structure Commissionof 1849 instructed Mr. 
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Hodgkinson to try a further series oí experiments on the 
tensile power of cast iron, which are recorded in théir report. 

He puUed asunder eighty-one specimens of seventeen 
diñerent kinds of cast iron, each specimen having about 8 or 
4 inches of cross-section. 

The highest he records broke with 10*5 tons per square 
inch; the lowest 4*9 tons per square inch; the mean of the 
whole gave 6 * 8 tons. 

120. I have already mentioned the valuable experiments \ 
made by the Americans on cast iron as a material for cannon. \ 

Among these were several direct triáis of its tensile 
strength, which were so arranged as to show particularly the 
influence on the strength of the foundry process of re-melting, 
applied in various ways. 

By testing samples of the same iron, first and second 
melting, it was fomid that while a certain pig iron, first 
melting, had only a tensile strength of 5 tons per square 
inch, by re-melting it, and allowing it to remain six hours 
in fusión, the strength was increased to aboye 11 tons ; and 
by melting it a third time, the strength was increased up to 
(34,728 lbs. = ) 15-5 tons. 

Another kind of iron, tested on the second fusión, was 
found to have a strength of (15,729 Ibs. = ) 7 tons ; but on 
melting it a third time, and keeping it eight hours in fusión, 
the castings made from it were found to have a strength of 
(34,599 Ibs. = ) 15 -4 tons. 

It was found that some advantage was due to keeping the 
metal for some time in fusión in the fumace before casting. 
A certain iron, second melting, was tested by tapping the 
fumace at different periods, and the strength was found : — 

Lbs. Tons. 

After i hora 15,729 = 7 

„ 2i hours 21,995 = 9*8 

,. 4J „ 27.852 = 12-4 



\ 
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The same iron was again re-melted and gaye t — 

Lbs. ToDfl.' 

After 1 hour 30,607 = 13-6 

„ 3 honra 32,978 = 14-7 

„ 4 „ 34.599 = 15-4 

It was also found that the specifíc gravity went on increas- 
ing along with the tenaeity, so as mdeed to form, to a certain 
extent, an índex oí the strength. 

But the American experimenters found that all kinds of 
iron were not afifected by these processes in the same degree ; 
some kinds, which exhibited a favourable quality in the rongh 
pig, were only slightly improved, and some seemed even 
impaired. The improvement seemed to take most effect with 
No. 1, soft grey pig iron. 

The highest tenaeity recorded in these experiments was 
(45,970 lbs. = ) 20* 5 tons, being samples cut out of a 10-inch 
Columbiad gun, cast at Fort Pitt Foundry. The sp. gr. was 
7 • 304. Comparing this with the figures hereinbefore quoted, 
the tenaeity appears so much higher than anything obtained 
here, that further inquiry would seem to be necessary before 
such a result ought to be fully received. 

121. In 1856 the authorities of the Boyal Gun Factory at 
Woolwich Arsenal (stimulated by the American investiga- 
tion just named) initiated an elabórate and extensiye series of 
experiments on the strength of various British cast irons with 
a view to their use for ordnance. 

They obtained a testing machine similar to the American 
one, and arranged it for testing specimens for tensile, com- 
pressive, transverso, and torsional strength; and they also 
undertook the chemical analysis of the samples produced. 
The results were published in a Blue Book in 1858. 

They coUected fifty-three samples of various descriptions 
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of pig iron, prepared for foundry purposes by eigliteen dif- 
ferent British makers, and ámply cast the test specimens 
from them ; tliese speoimens being therefore mostly in the 
condition of second meUing.* No triáis were made of the 
effeets of diflferent meltings, or of any mixtures of different 
kinds of iron. 

The tensile strength was tried on short specimens 1*3 
inch diameter, which were pulled asunder in the testing 
machine. 

Eight hundred and fifty specimens were thus tried, and 
gave the following resnlts : — 

Lbs. Tons. 

Máximum 34,279 = 15-3 

Mínimum 9,417 = 4*2 

The mean of the whole gave 23,257 = 10*4 

The Woolwich experimenters made a trial to ascertain the 
effect of casting under the pressnre of a high column of the 
fluid metal. A bar was cast vertically 26 feet long and 7 inches 
diameter, and specimens were tested from the top, the middle, 
and the bottom respectively. 

The result showed an increase of speciflc gravity in the 
lower portion, but the tensile strength was not increased. 
In fSeu^t, the top specimen was rather the strongest of the 
three. 

They found, moreover, that bars cast horizorUaUy were 
generally stronger, for all strains, than those cast yertically ; 
and that guick cooUng was also generally favourable to the 
strength. 

I have mentioned that in the Woolwich experiments no 
attempt was made to ascertain the effect of mixtures of 
different irons, or the results of different treatment of the same 
iron in the processes of melting. This omission detracts 

♦ Some of the pig supplied was, however, itself second melting, which 
would make the castings the thxrd, 

O 
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mnch from tiie practical ntility of the inyestigatíon ; for it is 
eTÍdenÜy the datj of every iron-founder to do the best he can 
with the materials he can obtain ; and nobody who knows 
an jthing of his business wonld practically make castings in 
the way represented by these samples. 

The omission is explained in the Eeport in this way: — 
" There has been (the repórter says) in the present instance 
no intention of asoertaining any data relativo to the most 
snitable mixtures of varioxis brands of iron, ñor of making 
ezperiments as to the treatment of any particular iron with 
reference to improying its qnality ; but simply to ascertain 
that quality as purchasahle in the marhet, or when specially 
isupplied as snitable for the particular purpose." 

This remark, however, betrays a far greater and more 
important error than the former ; for, instead of obtaining 
irons honá fide '^ purchasable in the market," the prometerá 
of these experiments took the singular step of adyertising 
a complete notice of what they were going to do, and 
inyiting ironmasters to send in samples of their iron for 
testing I 

Now, I must say that, from a yery large experience of deal- 
ings with the iron trade, I belieye it extremely unlikely that 
the samples sent in by ironmasters, for the express purpose 
of testing, would correspond with the iron actually sold in 
the market. And, singularly enough, the Keport itself con- 
firms this yiew; for it appears that, relying on the resulta 
obtained with certain of these samples, the authorities 
ordered large supplies ; and it was only then that they found 
out what was really the iron <* purchasable in the market." 
They say: — 

'^ Certain supplies ordered on the results hereafter giyen, 
haye, on examination, giyen results differing much, both 
chemically and mechanically, showing superiority in soma 
cases and inferiority of a very marked character in othera" 
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.This might naturally Lave been anticipated ; anybody 
acquainted with the trade would have recommended the 
expenmenters, if they wished to test tbe market commoditj, 
to go to the market to procure it. 

I do not deprecíate the valué of these experiments ; treated 
generally, they constitute a considerable addition to our 
knowledge ; but if you turn to them to ascertain the valué of 
any particular iron professed to be experimented upon, you 
must recollect, in the fírst place, that you have no assurance 
whatever that the iron really was the kind it professed to 
be ; and secondly, that if it were so, different foundry mani- 
pulation would probably give different results from what 
these experiments show. 

Stbenoth to Besist Cbüshing. 

122. The strength of cast iron to resist crushing was better 
understood at an early period than the tensile strength. 

Mr. George Bennie communicated to the Transactions of 
the Boyal Society, in 1818, some experiments he made, which 
gave amounts varying from about 33 to 90 tons per square inch 
for the crushing forcé ; but the pieces were very small -cubes, 
and the results were imcertain ; as it must have been very 
difiGicult in these small sizes to tell the exact point of giving 
way. 

Tredgold adds nothing to these data, but he adopts 42 tons 
as the mean ultimate compressive strength. 

123. Mr. Eaton Hodgkinson, in the Beport of the Sixth 
Volume of the British Association Transactions, gives the 
results of experiments on crushing cast iron, made by him. 
The specimens were cylinders of from ¿ inch to about f inch 
diameter, and rectangular and triangular prisms ; the heights 
varying from 1^ to 3 times the lateral dimensión. They were 

o 2 
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made of different descriptions of casi iron ; apparently all 
second melting. 

The highest result obtained was .. 64*92 tons per square inch. 
The lowest „ „ .. 36'5 „ „ 

The mean of 13 experimenta .... 48 „ ,, 

The crushing took place (as it does in hard crystaUine 
bodies generally) by a wedge sliding off ai a oertam angle 
with the base, which angle was generally fonnd constant in 
the same material. 

Mr. Hodgkinson subsequently made a series of experiments 
vjon the crusbing strength of eigbty-one specimens of seventeen 
different kinds of cast iron, for the Iron Structure Commission 
of 1849. The specimens were small cylinders of aboutf inch 
díameter, the height being in some f inch and in others 
1^ inch. 

The highest specimen tried, cmshed with 53*8 tons per sqnare inch. 
The lowest „ „ 24*7 „ „ 

The mean of all gaye 38*5 „ „ 

A series of experiments were also made at the same time 
with specimens of difíerent sizes, forms, and proportions, all 
cut out of the same iron, in order to see if these differences 
would haye any inflaence on the result ; but the strength 
obtained did not seem to vary more than might have been 
ezpected, and appeared always clearly proportional to the 
área. 

The specimens were foimd to shorten considerably in 
length, nnder the pressnre, before they nltimately gave way, 
but the degree of this effect varied considerably, as might be 
expected, in different kinds of iron. 

The ultímate shortening was generally íiom ^ to ^ of the 
length. 

Some yaluable experiments on the strength of cast iron to 
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resist crashing were also tried by the American ezperi- 
menters before alluded to. 

Their specimens were a litÜe more than ^ incli diameter, 
and abont 1^ inch long. 
A simple iron No. 1 gave — 

Lbs. Tons. 

2ndmelting 99,770 .. .. 44*5 

3rd , 139,540 .. .. 625 

A mixture of Nos. 1, 2, and 3 gave — 

2ndmelting 154,576 .. .. 69-4 

3rd „ 167,030 .. .. 74*6 

The highest tried was — 

174,120 .. .. 78 
Tlie lowest — 

2ndmeltiiig 84,529 .. .. 37*7 

It will be noticed that tbe resnlts obtained in all these 
cases are yery high compared with those obtained írom 
British iron« I am not aware that any satisfactory explana- 
tion of the difference has been given. It woold be yery 
desirable to have the same irons tried in this country. 

The experiments on crushing cast iron at the Woolwich Gun 
Fftctory in 1866 were made with small cylinders, 0*6 inch 
diameter and 1 * 3 inch high. Two hundred and seventy-three 
were tried. The whole of the iron was second melting from 
simple nnmixed pig. 

Lbs. Tona. 

The máximum gave 140,056 = 62| 

Theminimum „ 44,563 = 19*8 

The mean „ 91,061 = 40*6 

h^ 124. Trom a oomparison of the tensüe with the compressive 
strength of cast iron, as obtained in the yarious experiments 
aboye referred to, it will appear that the power of this 
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material to resist crasliiiig is abont fiye or siz times greater 
than to resist tensión. 

In order to obtain a direct comparison, Mr. Hodgkinson 
tried, for tensión and for compression, samples cut out of the 
Mme ironSy taking se venteen varietíes of the material. 

The highest ratio he obtained was .. 6*7 to 1 
Thelowest -„ „ .. .. 4*5 „ 1 
The mean of all 5*66 ,, 1 

Tbansyxbse Stbenoth. 

125. The third kind of strength of cast iron, strength to 
resist raptare by transverse strain, was the fírst ever tried, 
being at once the simplest and the easiest to ascertain, and 
the most directly bearing on the nse to which the material 
was earliest applied, namelj, the formation of heams. 

Yon will recoUect how I have proposed to deñne the trans- 
yerse strength, t. e, having a bar or beam of rectangular 
section whose 

Length between Bupports in inches = / 

Breadth „ „ = b 

Depth „ „ = d 

bcP 
Thus, breaking weight hung oq the middle in tons = A — » 

the coefficient A representing the tranwerse strength oí the 
material. 

126. Tredgold mentions seyeral preyious experiments of 
this kind, and adds some of his own. £ut they are en- 
tirely snperseded by a large series of experiments nnder- 
taken by Mr. Fairbairn and Mr. Hodgkinson, on the 
transverso strength of a yery large number of difierent 
kinds of iron, the results of which may be fonnd in 
Mr. Hodgkinson's supplement to the fourth edition of 
Tredgold's work. 
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The bars tried were all rnn second melting from the several 
pig irons, simple and unmixed ; and all made from the same 
pattem. They were each 1 inch square, and 5 feet long ; tliey 
were placed on snpports 4 ft. 6 in. apart, and weighted in the 
middle till they broke. 

About two hnndred and seventy bars were tried, made of 
iron from fifty-nine diñerent works, in England, Scotland 
and Wales, both hot and cold blast make. The resulting 
valúes of A were : — 

Máximum about 14 

Mínimum „ 8*6 

Mean of all „ 10*9 

Some experiments on the transverso strength are also re- 
corded in the American Beports already mentioned. 

The bars were 20 inches between snpports, and about 
2 inches square, the breaking wéight being hxmg in the 
middle. 

A certain sample iron, when tested in the pig, gave 

Ist melting.. .. A= 9*5 

When re-melted 10*8 

When melted a third time . . 13 

„ a fourth time . .. 16*8 

Another sample, being made trom a mixture of threo dif- 
ferent kinds of pig, gave — 

2nd melting , .. .. 15*7 

3rd „ .. 16 

The híghest tenacity obtained was represented by the co- 
efficient 17*8. Henee the mixing and the re-melting of iron 
have the same benefícial influence on the transverso strength 
as might be expected by analogy from the direct tenacity. 
- The transverso experiments at the Woplwich Arsenal were 
tried with bars about 2 inches square, and 20 inches between 
the bearings, and loaded in the middle till they gave way. 
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Fiye himdred and sixty-four specimens were thus tried, 
and they gaye the constant of transverse strength : — 

Máximum =20 

Minimimi = 4'6 

Mean = 12-6 

\/ 127. A valuable series of experiments was undertaken in 
1846 and 1847, by Mr. Eobert Stephenson, to determine the 
transverse strength of cast iron, as depending on the mixi'wreB 
of the material from which the castings were made. These 
were tried with an immediate practical view, namely, to settle 
the mixtures of iron for casting the large arched girders of 
the High Level Bridge, then about to be erected at Newcastle- 
on-Tjne. The account of the experiments was fomished by 
Mr. Stephenson himself, for publication in the Beport of the 
Iron Structure Commission. 
Bars were made : — 

1. From nine difíerent kinds of hot-blast iron, being cast 
diroetly ñrom the simple melted pig. 

2. From five difierent kinds of cold-blast pig, in the same 
^ay. 

3. From a considerable nmnber of different miactures, 
partly of difFerent kinds of pig, and partly of those mixed 
with scrap ; a practico very common in foundries, and which, 
judiciously done, is attended rather with benefit than dis- 
adyantage. 

The bars were all 1 inch square, placed on bearings 
3 feet apart, and weighted in the middle till they broke. 

The highest weight borne was 1072 Ibs. by one of the 
mixtures, the lowest 686, by one of the samples of hot-blast 
pig. These gaye the transverso coefficient 17 '2 and 11*0 
respectiyely. 

But the principal yalue of the experiments was in deter- 
mining the general eñect of mixing ; and Mr. Stephenson 
summed up the results as follows : — 

1. He found that, although in the specimens tried the 
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average of the hot-blast iron was not much inferior to the 
oold, yet tliat the latter was the more certain and regular, 

2. That mixtures of oold-blast iron wéie more nniform in 
strength than those of hot blast. 

3. But that mixtures of hot and cold blast together gaye 
a better result than either separately. He also found 

4. That simple samples did not run so soltd as mixtures. 

5. That simple samples ran sometimes too hard, some- 
times too soft, for practical purposes. 

The castings for the bridge were made of a mixture of 
fíye different kinds of hot and cold blast, and a certain pro- 
portion of selected foundry scrap. 

-^ 128. I have mentioned, in speaking of cast iron generallj, 
that when it is cast in large masses, it crystallizes diñerently 
in diñerent parts of the mass, the extemal portions (which 
cool first) being stronger, closer, and harder ; while the in- 
temal poi*tions are coarser-grained, softer, and weaker, and 
ofiien spongy and unsound. 

Henee small castings will be stronger than large ones 
cast of the same iron, as haying more extemal surface in 
proportion to their mass. 

Mr. Hodgkinson tried some experiments directiy with 
this yiew, for the Iron Structure Commission, on bars of the 
same iron, 1-inch, 2-inch, and 3-inch square respectiyely. 

It was found that the largest bar was, in regard to 
material, the weakest of the three. The 2-inch bar ex- 
oeeded it in strength by about 3 or 4 per cent., and the 
1-inch by as much as 30 per cent. 

, Captain James, B.E., in some other experiments for the 
same Commission, confírmed Mr. Hodgkinson's results ; he 
found that 2-inch square bars were only f of the strength 
computed from 1-inch bars, and bars of 3 inches only f 
the strength. 

He also put the cause of this discrepancy directiy to the 
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test by catting sample bars out of the middle of largo 
castmgs, and trying them in comparison with bars of the 
same size and from the same metal, but cast smaller. 

He found that f-inch bars cnt out of the centre of masses 
2 and 3 inches square, were little more than half the strength 
of bars of the same metal cast 1 inch sqnare. 

It is therefore an inference from this, that those co- 
efficients for strength which have been deduced from small 
bars must be considerably reduced when applied to largo 
masses. 

And forther, that when (as is often the cnstom) sample 
bars are run at the same time with certain castings to test 
their strength, it must be borne in mind that these bars 
will not give correct comparisons, nnless they are of at least 
the same size as the thickest portions of the casting exposed 
to strain. 

129. There is an exceedingly simple rough datum for the 
transverso strength of cast iron, which is well worth com- 
mitting to memory. It is 

That a bar 1 inch aquare and 1 foot long mil hreúk mth a 
load of abotU 1 ton hnng on the middle. 

This is equivalent to about an average strength, the valne 
of A here being = 12. 

TOBSIONAL StBENGTH. 

130. The last kind of strength of cast iron we have to 
consider is that to resist rupture hy torsión, 

This has not been so well investigated as the others, but 
we have still some good data upon it. 

We may confine ourselves to the form nsually tried, namely, 
a bar of a circular section fized at one end and twisted at the 
other. 
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I haye alreadj explained that ií d = diameter of bar in 
inches, M = moment of twisting forcé which will break the 
bar (in tons x inches), tben M = A ¿P*, tbe constant A repre- 
senting the strengtli of the material. 

Tredgold reports seyeral experiments on cast-iron shafts, 
from 2 to 4| inches diameter., which I £iid give A, 

Máximum = 2'56 

Mínimum .. .. = 2*00 

Mean = 2*34 

Mr. Hodgkinson, bj inference ñrom Bome experiments by 
Mr. Bennie, Messrs. Bramah, and another experimenter, 
gives A as foUows : — 

Máximum .. .. = 3*68 

Mínimum = 2*13 

Mean = 2*85 

The American experimenters took circular bars about 2 
inches diameter, and 15 inches long in the strained part, 
* and tested them by torsión' in the machine previonsly re- 
ferred to. 

The valúes of A obtained were : — 

For a certain simple iron, 2nd melfing .. .. = 2*75 

Dítto, 3rd melting = 3*93 

For a mixture of two dífferent kinds of iron, 

2nd melting = 3*5 

Dítto, 3rd melting = 4*7 

The highest obtained was = 4*7 

The lowest, 2nd melting, obtained was .. .. = 2*5 

The same experimenters also tried the torsional strength 
of bars of different sizes and shapes, such as squares and 
hollow cylinders. The results will be found in the Beports, 
but it is imnecessary to give them in detail here. 

The Woolwich Gun Factory experiments on the torsional 
strength of cast iron were made with cylinders 8 inches long 
in the twisted part, and 1*8 inch diameter. 
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Two hundred and Beyenty-siz specimens were tried, and 
gaye the constant oí torsional strength : — 

Lbs. Tons. 

Máximum 9773 .. 4*4 

Mínimum 8705 1*65 

Mean 6056 .. 2-7 

M. Morin (Art. 699) gives an acconnt oí some experiments 
on cast-iron shafts 1^ métre long and 10 centimétres (3 * 94 
inches) diameter. The lever was 2 métres (78*3 ínclies) 
long; and the breaking weights applied yaried from 1600 
to 2250 kilogrammes, giying the constant of torsional 
strength 2 • 06 to 2 • 90. 

131. Haying now gone through the strength of cast iron, 
as exhibited in the seyeral modes in which it may be tried, 
I mnst cali your earnest attention to a remark which applies 
to all alike, and which onght to be always present in the 
engineer's mind when he applies iron to practical uses. 

The figures I haye giyen you are the uUimate strengths, 
t. e. they represent the points at which the iron wiU hreák, 

Now, of course, common sense would tell you that in pro- 
portioning the strength of an iron structure, the weight or 
strain allowed to come upon it must always be much less 
than is sufficient to break it ; but hoto much lesa it ought to 
be is a question that deseryes inquiry ; or, as Mr. Eankine 
expresses it, what should be the toorhing strength for a giyen 
ultimate strength. 

It is a question which has occupied the attention of 
engineers eyer since iron has been used, and it is of con- 
siderable importance ; for while on the one hand it is 
necessary to make the structure perfecüy safe, on the other 
it is desirable not to waste material in ínaking it stronger 
than safety requires. 

It might, perhaps, at first, be supposed that if we can 
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determine the breaking weight accurately, we shonld be safe 
as long as we keep witliin it ; thus, if we know a bar will not 
break with less than 10 tons, it might appear that we may 
safely put on 8 or 9. 

But tbis supposition overlooks an important fact, tbat is, 
tbat tbe material will be mucb damaged long before the 
strain approacbes the breaking point ; and it is a principie 
which engineers have always thought it prudent to act on, 
that a material shonld never be strained to such an extent as 
to damage its texture. 

In speaking of elasticity and flexibilitj, I have told you 
that when the deñection or disturbance of form by strain 
exceeds the limit of the natural elasticity of the material, 
it refuses to retam to its former position, or takes what is 
called a permanent aet. At this point, therefore, the material 
becomes, if not damaged, at least distorted. And (with, 
I think, good reason) practical men appear to have decided 
that this limit, i. e, the limit of the elastic power of the 
material, onght to form the limit of the practical strain to 
which it should be exposed. 

In regard to cast iron, theoretically speaking, in conse- 
quence of the imperfect elasticity, the permanent set begins 
at a yery early point ; but, practicaUy, it may be considered 
insigniñcant until the strain arrives at about <me4hird the 
breaking point, when it becomes practically sensible. 

For this reason, the general rule practically adopted by 
engineers for cast iron is, to limit the strain which can 
come upon it from a permanent stationary load, to one-third 
or one-fourth that which would break it. 

And in the case of a moving load (such as for trains passing 
oyer a railway bridge), which gives shocks and concussions, 
one-sixth is the limit considered safe. 

One-third and one-sixth respectively in these two cases 
are the limits sanctioned by the Board of Trade. 



94 OAST ntON. 

132. Tliere are one or two other general remarks to be 
made on the strength of cast iron. 

In the first place, it has been well established that the 
strength of this material, when moderately loaded, is not 
impaired bj a long continuance of the strains npon it. 
Mr. Hodgkinson found that cast-iron beams sustained their 
load for manj years without appearing weaker at the end 
than at the beginning of the period. 

' :No doubt there are cases where cast-iron beams have given 
way after continued use; bat we are bonnd to snppose them, 
either throngh misproportion or nnseen defects, to have been 
alwajs under ondue strain. 

183. Secondlj, it has also been established by the investi- 
gation of the Iron Structure Commission, that, provided the 
strain appHed bo mtlim the practical limit «rf the elasticity 
(or say one-third of the breaking weight), the iron is not 
weakened by the constant repetition of the strain, even to 
many thousands of times. 

Bat when the strain is greater than this, the metal becomes 
weakened, and will ultimately give way. 

134. Then, thirdly, it has also been preved that differences 
of temperature, within a modérate range, have little or no 
influence on the strength of cast iron. Triáis have been made 
on bars mider yarious degrees of heat, and it has been foimd 
ihat the strength is not materially altered within a range of 
from freezing to 600 Fáhr.^ or nearly that of melting lead. 

Stipfness and Elasticitt. 

135. The next property of cast iron that deserves mention 
is its stiffness to resist distortion of form. This property, as 
I have already explained to yon (Arts. 92, 93), is nsually 
measured by a constant called the modulua of élasticity, which 
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assumes that, up to a certain limit (beyond whích tbe strain 
is not supposed to be carried), the elasticity oí the material 
remains perfect. 

The tests of this perfect elasticity, yon will recollect, are 
that, in the first place, it shall retum perfectly to its original 
form and position as soon as the distorting forcé is removed ; 
and, secondlj, that the quantity of extensión or oompression 
nnder a given strain shall be equal to each other, and propor- 
tional to the forcé applied— according to Dr. Hooke's law, ut 
tensio 8Íc vis. 

136. Now it was long suppbsed that cast iron retained its 
perfect elasticitj under considerable strain. Tredgold in- 
ferred, from the experiments he could coUect, that if cast 
iron was loaded up to about one-third of its breaking weight, 
its elasticity was not impaired, but that it would retorn to 
its original form. 

At a later date, however, Mr. Eaton Hodgkinson discoyered, 
bj more accurate investigation, that this opinión was not 
strictly correct, but that the elasticity of cast iron was im- 
paired much earlier than had been supposed. He also 
arrived at a rule which (though empirical in its constitution) 
sufficiently well expressed the departure of the material 
from Dr. Hooke's law. Let 

/ = length of a bar iu inches, 

X = extensión or compression prodnced therein by a certain forcé, 

— being then the proportionate compression or extensión of the bar. 

Then on the principie of tU tensio sic vis, the forcé necessary 
to produce this alteration would be 

= Conai. X A — • 
Bat Mr. Hodgkinson found that the real forcé necessary 
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(which we will cali /) followed the more ocHnplicated ex- 
pression 

where A and B are constants to be determined by experi- 
ments. 

Tbis law was pnblisbed by Mr. Hodgkinson in 1843* 

In 1849 tbe Boyal Commission on Iron Structnres in- 
structed Mr. Hodgkinson to try some further experiments in 
order to determine tbese constants. 

Tbe experiments were made by taking bars of abont 1 incb 
square, and 50 feet long, loading tbem witb varying weigbts, 
so as either to compress or extend tbem, and tben very care- 
folly measuring tbe compression or extensión produced. 

Tbey were made on four diíTerent kinds of tbe metal ; and 
tbe mean of tbe wbole gave tbe foUowing, for a bar 1 incli 
square, tbe forcé being in tons : — 

Extensión, f = 6220 y - 1 ,297,960 (jY • 

Compressian. f = 5773 y — 233, 472 (y Y . 

Tbe four different kinds of iron on wbicb tbese rules were 
founded gave results not mucb differing from eacb otber ; 
but I tbink it probable, from analogy witb otber knowledge 
of cast iron, tbat, bad a greater variety of specimens been tried, 
we sbould bave bad wider discrepancies, and tbat tbe stiff- 
ness and elasticity of different kinds of iron would bave pro- 
bably been found to vary as widely as we bave found tbe 
strengtb to do. 

However, we may take tbe above results as probably 
tbe most accurate data we possess on tbe elasticity of cast 
iron. 

Mr. Hodgkinson also deduced rules for finding tbe per- 
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manent set wbicli woiüd resolt from a given extensión of cast 

iron. Let 

e = extensión in inches, 

tben 

Permanent set = 0*0193 e + 0-64 e\ 

He also tried whetlier the resulta he had obtained as to 
tlie extensibility of long bars strained in the direction of 
their length, would also be borne out in bars weighted trans- 
versely, these bars being made very flexible, to show the 
deflections and sets more clearly. 

He found the same rule apply, as the deflections might be 
determined by an equation of the form :— 

Weight on middle = Ad + Bd^, 

the constants A and B depending of course on the dimen- 
sions of the bar, as well as to some extent on the character of 
the iron. 

He also fonnd the permanent set = - nearly. 

óL * oo 

137. It is clear, from the above results, that, owing to'the 
imperfect elasticity of cast iron, we cannot deduce a moduluts 
of elasticity which shall answer with perfect exactness, as this 
assumes that the material wiU extend or compress equally 
for equal increments of forcé, and moreover that the amounts 
of extensión and compression will be equal for the same forcé 
applied. 

But it is yery usefnl to have a datum of the kind for cast 
iron, even though its results may only be approximate ; and 
if we examine the results of experiment, we shall find that 
for small strains they are still so near uniformity, that we 
may determine this datum with tolerable accuracy. 

If we calcúlate out the above equations for modérate strains, 
we shall flnd that for a 1-inch bar — 
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The fírst ton will extond or compresa it in round nnmbers 
about gf^QQ oí its lengtb. 

Or, the mean of tlie fírst 5 tons will glve for eacli ton 
about 3^xrW ^^ í*s length. 

These data therefore give the modulus of elasticitj a quan- 
tity varying from 6000 to 6000 tons, 

Other deductions, by diflferent experimenters, have given 
results varying from 4000 to 8000 tons, a variation which is 
to be expected in different qualities of iron. 

We may probably take a valué of 5500 as expressing a fair 
practical mean for the modulus of elasticity of cast iron. 

138. When we come to compare the flexibility of cast 
iron with that of wrought, and also compare their respective 
strengths to resist crushing, we shall fínd the remarkable 
fact, that although cast iron will yield nearly twice as much 
(to a given compressing strain) as wrought iron will, yet it 
will withstand three times the strain without crushing; a 
curious disproportion, in the two cases, between the resistance 
to chango of form and the resistance to rupture. 



DUOTILITY. 

189. The next mechanical property on our list is ductility. 

It may, at fírst sight, seem out of the question to speak of 
the ductility of cast iron, this material being generally con- 
sidered notorious for the absence of such a quality. Still, 
however, as the property does eodst in cast iron in an amount 
which is appreciable, though very minute, it is right to give 
what data there are upon it, 

It is well known that cast iron will, if the limit of áqg- 
ticity is exceeded, become somewhat altered in form before it n. 
breaks, and this is su£&cient to constitute a certain amount of 
ductility. 
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140. I have defined the measure of ductility to be the 
proportion whicli a bar will elongate, under tensile strain, 
before it breaks. 

Mr. Hodgkmson's careful and delicate experiments on very 
long bars of cast iron have shown uLtimate elongations yary- 
ing from ^^ to about ^^ of tbeir length. 

The mean of all his experiments showed a valué of abont 

These figures will therefore express the ductility of cast 
iron. 

141. With the aid of this we may further find the valué of 
what I have called Mallet's coef&cient, i,e. the amount of 
mechanical work done in the rupture, by tensión, of a bar 
1 inch square and 1 foot long, and which, yon wiU recollect, 
is simply 

J breaking welght in Ibs. X ultímate elongation in feet. 

The lowest obtained in Mr. Hodgkinson's experiments was — 
Breaking weight, 13,089 Ibs. Elongation = -0012. ; 

Therefore the 

Work was = 7-85. 

The highest was — 

Breaking weight, 16,890 Ibs. Elongation -00195. 

Work = 16-5. 

The mean obtained in these experiments was — 

Breaking weight, 7 tons. Elongation ^^. 
Work = 13-0. 

Habdness. 

142. I have mentioned the American mode of estimating 
the comparativo hardness of dififerent kinds of cast iron, 

H 2 
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namely, by indenting it with a pyramidical pointed tool 
under a heavy pressnre. 

It was fomid that when the softest kind of metal ever nsed 
for cannon was tried, the tool, under a pressore of 10,000 Ibs. 
would enter a little less than the TnaTiTnnTn size of the pyramid, 
t. e. 3^ cubic tenths ; it was therefore assomed that a metal 
in which the whole pyramid would enter might, for want of 
a better standard, be made the unit of comparison, the 
hardness being estimated inversely by the cubic indentation 
of the tool. I shall in my statements cali this least hardness 
= 1 (although the experimenters gaye it a different valué, 
rather more complicated). 

One of the softest metáis actually tried was bronze ; and 
this gaye, according to the aboye standard, a hardness 
= 1-36. 

But there was a variety of very soft No. 1 pig iron which 
gaye exactly a similar result. 

The hardest cast iron tried gaye 10*1 

A certain No. 1 pig, Ist melting, gaye .. .. 2*55 

» „ ^ „ „ .... 4:* lo 

J> „ O „ „ ,, ,, D*4 

No. 1 iron gaye 

Pig Ist melting 2*55 

Castings, 2nd „ 3"6 

„ 3rd „ 5*9 

„ 4th „ 8'8 

Mixtures of different kinds of iron gaye modérate hard- 
ness, which was always increased by re-melting. 

The hardness almost always increased with the specific 
grayity. 

Some wrought iron tried at the same time gaye a hardness, 
= 3-32. 
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Specifio Geavitt. 

143. The specifio gravity of iron varios from about 6*85 
to7-35. 

It depends not only on the natural qnality of the material, 
but also on its modo of casting, as it Jbas been found that the 
lower portions of castings, lying irnder a heavy hydrostatic 
pressure of fluid metal, prove more dense, when cool, than 
those nearer the top. 

The Woolwich experimenters showed this; for by taking 
portions of a long bar cast vertically, they found 

Top 7-217 

13 feet lower 7-263 

26 feet (bottom) 7*324 

Mr. Mallet also found the same thing in one specimen — 

Surface ^, 7*048 

14 feet down 7*14 

In others it was less, but always increasing with the depth 
in the mould. 

The specifio grayity of cast iron may be taken at a mean 
of about 7'1. 

144. It is useful to deduce a simple practical rule for 
estimaiing the toeight oí articles in cast iron. 

From the mean specifio grayity aboye giyen, 1 cubic foot 
will weigh 7100 cunees, or 443 Ibs. ayoirdupois, or 1 cubic 
inch will weigh a little oyer a quarter of a pound (0*256); 
therefore, to ascertain the weight a casting will be, diyide 
the number of cubic inches by 4, and that will giye the 
probable weight in pounds yery nearly. 

145. It is not unreasonable to conjecture that the difierent 
properties of iron may hayo some kind of analogy between 
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ihemselyes, t. e, that iron whicli excels or ñJls short in some 
qnalities, may also do the same in others. 

The Americans haye prepared a table from their expeii- 
ments, in whicli tliey show that the specific grayity of cast 
iron forms an index to its valué in all kinds of strength 
and in hardness, t. e. that the diñerent kinds of strength, 
the specific gravity and the hardness, increase with each 
other. 

The only exception seems to be that the very heaviest and 
very hardest iron falls off somewhat in tenacitj, becoming in 
all probability weaker firom extreme brittleness. 

General Bbmabks on Cast Ibón. 

\/ 146. I have now only a few remarks, of a more general 
natore, to make on cast iron. 

The greatest advantage the material possesses is the 
facility mth which, by fusión, it can he manufactured into any 
given shape. 

I need scarcely point out what a benefít this is in further- 
ing the production of the inmiensely yaried and complicated 
shapes which ironwork is obliged to assume, and which would 
be so extremely difficult to obtain in any other way. The 
constrnction of machinery, for example, would be almost 
forbidden, if the multitudinous and yaried forms of which 
many of its parts consist could not be made in cast iron. 

It is true that where necessity compels wrought iron to be 
used, great skill has been exercised in adapting it to com- 
plicated shapes ; but this adaptation is always yery expensiye 
in comparison with the more simple mode of casting 
them. 

In all cases, therefore, where cast iron is sufficient for the 
purpose, the facility and cheapness of its manufacture will 
determine its adoption. 
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147. But we must not conceal the disadvantages peculiar 
to cast iron, of which there are two, that for many purposes 
either restrict its use or forbid it altogetlier. 

The first is its uncertainty or untrustworthiness, Take all 
the care we will in making a casting, we cannot ensure its 
being what we expect it to be. 

There are several causes which may make a casting 
unsound. The air may not get freely away from the mould ; 
or the moisture in the sand may blow ; or pieces of sand 
may become detached and run among the iron ; or the metal 
may not run well together in all parts, thus fonning un- 
joined portions, or ^^ cóld sJiuts^' as they are called; or it 
may shrink and contract intemally, and leave holes or 
spongy places. 

Any of these causes will produce unaound castings, and 
unfortunately the defects may either be out of sight, or may 
be wilfully concealed by the workmen (of ten done, I am sorry 
to say, 80 cleverly as to deceive the most practised eye), and 
in these cases any trust based on the calculated strength will 
be fallacious. 

Henee, the chance of hidden defects or faulty places in 
cast iron must always be considered as a contingency in- 
evitably connected with its use ; and must be provided for 
by a margín or excess of strength. 

And experience shows that the rule I havo before men- 
tioned, of keeping down the strain to about one-third or 
one-fourth the breaking weight, is usually (with care in the 
casting) considered suf&cient to meet this contingency. 

But further, although no positivo unsoundness may be 
developed, yet it may often happen that, from peculiarities 
in the shape of the casting, the contractión in cooling may 
proceed so irregularly as to put certain portions of the casting 
into a state of abnormal, and sometimes dangerous, strain. 
Certain parts, for example, of small dimensions will consoli-* 
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date quickly, while the larger masses retoin tbeir fluidity ; 
and when these latter also begin to contract, the former 
oannot give way along with them, and thus portions are 
thrown into high tensión. 

It is well known tbat castings will often, {rom this canse, 
ñj to pieces when cold on receiving slight jars. A familiar 
example is a cast-iron wheel, oí which the spokes and rim 
are thin, while the nave is a large mass ; if «no precaution is 
taken in casting the spokes will be highly strained, and nnder 
the jar of nse will be sure to fly. 

Fonnders are well aware of this circnmstance, and nsually 
take precautions in some measure against it. But still it 
mnst be borne in mind as one of the defects to which cast 
iron is liable. 

148. Another important disadvantage of cast iron for con- 
strnctive purposes, is its htiUleness, which specially unñts it 
for use in all cases where it is sabject to concussions or 
vibrations, or heayy impact ; or at least renders it necessary, 
in such cases, to próvido considerable excess of strength. 

149. To obviate the brittleness of cast iron, and at the 
same time to take advantage of its extreme facility of manu- 
facture, an inyentíon has lately been bronght into use, for 
small castings, which has been of great utility — viz, the manu- 
facture of what is called malleable cast iron. 

The castings are made from very soft and puré charcoalptg 
iron, and are añerwards kept for some days, at a bright red 
heat, imbedded in powdered red hematite ore. The action 
of this is yery curious, being just the reverse of the operation 
of carburizing or making steel, called cementation — this 
latter infuses carbón into iron, but the action of the hematite 
is to extract the carbón from the cast iron, and thus convert 
it into an impuro wrought iron. In some analyses of the 
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metal by Dr. Miller, before and after treatment, tlie operation 
was found to have reduced the carbón from 2 • 80 to O • 88 per 
cent., as well as to bave sensibly increased the specific gravity, 
and diminisbed tbe quantities of silicon and snlpbur, tbus 
otberwise improving tbe metal. 

Articles of cast iron so treated become to a certaín extent 
malleable ; tbeir brittleness is gone, and tbey may be tbrown 
about, or even bent and bammered witbout breaking. 

Tbe malleable cast iron process is largely used for small 
Birmingbam manu&ctures, but is yet, from the trouble and 
expense attending it, bardly adapted for castings in general. 

150. We may say that cast-iron, as ordinarily known, is 
practically wanting in tbe qnalities of malleability and duc- 
tílity wbicb are so inestimable in wrought iron, as enabling it 
not only to bear concussions and impacts, but also to imdergo 
forging and fasbioning operations in tbe worksbop. 

It is curious to observe tbe strikingly different effect of 
tbe combination of carbón witb iron, as manifested in steel 
and in cast iron. The small proportion in steel has the 
effect of improving the iron in almost every quality. It in- 
creases its strength, its stif&iess, its elasticity, its hardness, 
its ducfcility, its malleability, and gives it in addition many 
new and curíous properties of the highest valué. 

But increase the dose of carbón a little more, so as to pro- 
duce cast iron, and see what a chango takes place : its tenacity, 
stiñhess, elasticity, hardness, all sink again even below tbeir 
original amounts ; and the ductility and malleability have 
vanished altogether. 

When cast iron has to be used in a structure, it must be 
cast as nearly as possible in the form intended, the only 
operations it can imdergo in the factory being such as 
tuming, boring, or planing, to give accuracy to the surfaces, 
and drilling, to form any necessary boles. When several 
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pieces have to be fastened together, this is done by screw- 
bolts and nuts, in a way with which everybody is familiar. 

151. Gast iron is not so Hable to rust as wroTight iron ; 
but when it is long exposed to the action oí sea water a 
cnrions cbange takes place, the solid iron becoming converted 
either wboUy or partially into a soft grey porous mass, some- 
tbing oí a grapbitic cbaracter, wbicb beats and falls to 
pieces on exposnre to tbe air.* Tbe cbemical natore of tbis 
pbenomenon is not well explained, but it is important for tbe 
engineer to know of tbe liability of tbe metal to sucb a 
cbange. 

152. I m&j add a word or two as to tbe príce oí cast iron. 
Fig iron is sold for abont 21. 10«. to 61. per ton, dependent 
on tbe quality and tbe state of tbe market. 

Gastings yary mucb in price, according to tbeir nature, 
and tbe places wbere tbey are made. 

Large castings, or even small ones made in large nnmbers, 
sncb as railway cbairs, cast in large manufactories fayour- 
ably located, may be bad from, say 4Z. to 8Z. per ton; more 
oomplicated ones, reqniring more care, and made in smaller 
foundries, will range from tbe latter price up to double, 
according to circumstances. 

153 Tbe following Table exbibits in a condensed form tbe 
cbief results in regard to cast iron given in tbe foregoing 
pages. 

♦ Percy, page 146. 
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Mechanical Properties of Cast Iron. 



Tenacity. 



Hodgkinson 
American . 
Woolwich . 



COMPBESSIVB StEENGTH. 

Hodgkinson .. «• 

American 

Woolwich 



TBAiraVSBSB StBENGTH. 

Hodgkinson 
American .. 
Woolwich ., 
Stephenson 
Mnemonic rule 



«• a» 



Tobsional Strength. 

Tredgold 

Hodgkinson 

American 

Woolwich .. 



Stiffness. 
Modnlns of elasticity 

DUOTILITT. 

Ultímate elonoration .. 



•• •• 



TOUGHNESS. 

Work done in ruptura 

Habdness. 
Gubic indentation 



• • •• 



Specipio Gbavity 



Maximnm. Minimum. 



Mean. 



Tona per square inch. 



11-5 
20-5 
15-3 



4-9 
4-2 




71 


1Ó-4 


40 


• • 

41 



14 
17-8 
20 
17-2 



Coefficients. 

8-6 
9-5 
4-6 
11 



10-9 

12-6 

• • 
12 



2-56 
3-68 
4-7 
4-4 



Goeffioients. 

2 

213 
2-5 
1-65 



2-34 
2-85 

2-7 



Tons for 1 inch square. 



8000 



4000 



5500 



Per unit of length. 



0-002 



0-00125 



0-00166 



Of bar 1 inch square, 1 foot long. 
16-50 I 7-85 I 13 



Oomparative. 



10-10 




7-1 
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SüMHABY AS BEGABDS CaST IbON. 

X. 154. Let US now briefly sum up the principal points of 
the knowledge we possess guiding us to the structnral tuse 
and application of cast iron. 

a. The great' recommendation of the material íb, the 
facilitj and cheapness with which it can be fashioned into 
any form, however complicated, that may be required. 

h. We find that the atrength of cast iron is variable, extend- 
ing over a very wide range; this strength depending not only 
on the original material nsed, but on its manipulation and 
treatment in founding. We £nd also : — 

c. That it is very strong to resist comjpressive or crushing 
straina, for which duty (as we shall see hereafter) it is much 
better suited than wronght iron. 

It ought, therefore, generally to be preferred if possible 
for parts of iron structures where strains of this natnro 
occur, snch as bearings, short colmnns and stmts, arches, 
&o., &c. 

d. But that it is weak to resist tensüe strains, for which 
(as we shall see hereafter) wrought iron is very much 
preferable. 

Therefore cast iron shonld be used with great cantion 
for those parts of a structure subject to tensile stress. 

e. That the elasticity of cast iron is imperfect, even nnder 
light strains; but that as an approximate practical datum, 
the modulus of elastic sti&ess may be taken at about 5000. 

/. That the hardness of cast iron is very diflferent in 
different specimens, varying from almost the hardness of 
steel to the softness of bronze; and that these variations 
depend (like the strength) both on the original material and 
on the manipulation. 

g. That, generally speaking, the strength and the hardness 
increase with the specific gravity. 
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h, That castings are always uncertain in their quality, and 
Hable to hidden defects and flaws, which may much weaken 
ihem, and to allow for wMcli an ampie margin of extra 
strength should always be provided. 

i. Tbat large castings are not so strong (in proportion to 
their dimensions) as smaller ones ; the intemal portions of 
large masses being weaker tban the extemal. 

h. That cast iron is brittle and wanting in tonghness and 
dnctility, which nnfits it to bear ooncussions, vibrations, or 
heayy impact, iinless it is given a great excess of strength. 
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CHAPTER V. 



MALLEABLE IBÓN. 

166. I now come to speak of a variety of iron which is 
of a higher cbaracter than that already treated of — namely, 
maUeahle iron, or, as it is more generally termed when mann- 
factured, wrought iron, 

It is of a higher character, because it is so much purer. 
Gast iron, as you know, is a compound of iron with a largo 
dose of carbón and other foreign ingredients ; wrought iron 
is the nearest thing we can practically obtain to the puré 
tmalloyed metal. 

The French acknowledge this distinction in their nomen- 
clature, though we do not : they never use the word fer fop 
cast iron, always fonte ; the word "fer " being exclusively 
devoted to maUeable iron. 

I shall devote this chapter to the general properties oí 
wrought iron, and then go on to notice particular kinds 
of the material. 

166. First, as to its sirength. Yon will recoUect that in 
treating of cast iron I told yon that the strength of the 
material might be considered as manifested in four different 
ways — i, e. in resisting rupture either by tensiony compressionj 
transverse loading, or torsión, 

Now we cannot fally carry out the parallel with wrought 
iron, for the reason that in the two latter modes it would 
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often bé difficult (with ordinarily good material) to produce 
ruptura at all, in consequence of tlie ductiliiy of the iron. 

If we load a bar of cast iron transversely it will bend, curvee^ A 
if of good quality, almost double before it will break ; and 
BO no limit of its transverse strength to resist rupture can 
be obtained. Similarly, if we try to tvnst a good wrougbt- 
iron bar, we may almost tum it into a corkscrew before it 
will snap off". 

But in the two first-named points tbe strength of wrought 
iron to resist rupture is perfectly amenable to determination. 

If, for example, we fasten one end of a wrought-iron bar to 
the ceiling, and hang a weight to the other end, we shall 
easily find out what. weight will tear it in two, which will 
thus be its ultímate tensile strength^ or tenacity. 

Or if we take a short wrought-iron pillar, and put a 
heavy weight on the top of it, we shall soon find the point at 
which the material will fail under the weight, and this will 
be its ultímate strength to resist cruahing, 

We will therefore consider these two kinds of strength in 
order. 

Tensile Stbength. 

157. The strength of wrought iron to resist rupture by 
tensile stress (or as I have called it more briefly, the tenacity) 
is one of its most valuable properties, and the one which has, 
perhaps, more than any other, led to its extensivo modern 
use. This quality has, therefore, often commended itself to 
the attention of engineers, and has been well investigated. 

Like every other quality of this wonderful material, the 
tenacity is exceedingly variable in difíerent samples. It 
depends chiefly on the original quality and manufacture of 
the material, but I shall have occasion to show hereafter that 
the size, shape, and treatment of the specimens have also somo 
influence on the strength obtained. 
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We shall find, for example, that platea, large forgings, 
small wire, and other special forms have pecnliarities in 
regará to their tenacity which require particular mention. 

Bat in speaking of the general tenacity oí wrought iron it 
will be most convenient to confine onr attention to the 
fiimplest shape in which it appears in the market, and, indeed, 
in which by far the larger portion of it is made and sold — 
namely, wrought-iron bar. 

And we shall denote the ultímate tenacity, as before, by 
giving the toeight in tona that will tear asunder, by direct 
longitudinal tensión, a bar of one square inch in sectional 
área. 

158. Early experiments are on record on this subject. 
Some by Muschenbrock, in 1762, are quoted, which give 
the tenacity of 

Ordinary iron bars 30 tona per sqnare inch. 

Styrian 33J ,, 

Best Swedish and Bossian .. .. 87} „ 

But the sizea oí these specimens were only about ^ of a 
square inch área — i.e. they were really large wire; and we 
shall see hereafter that they do not represent the strength of 
iron bar, properly so called. 

Bumford is said to have found the tenacity of good iron 
24^ tons ; of the best, 29^ tons. 

Mr. Telford tried several kinds of iron — Welsh, Swedish, 
and Staffordshire — and found the tenacity vary from 27J to 
nearly 32 tons. 

Gaptain Brown, the inventor of the modem suspensión 
bridge, obtained 23 to 26^ tons. 

Mr. Lloyd obtained from Staffordshire S C iron firom 24 
to 29 tons. 

Mr. Edwin Clark tried samples of the best scrap riyet 
iron, the quality being unusually good, and the fractuie 
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beantifully fibrous, and fonnd the tenacity 24 tons per sqnare 
inch. 

The American Board oí Ordnance found tbe tenacity of 

Tons. 

Bussian iron 28 

English rolled 25 

Low Moor 25 

American hammered 24 

I myself bad occasion, some years ago, to make some 
experimenta on tbe tenacity of wrongbt-iron bars used for 
bridge building, and found tbem vary from 19^ to 24 tons. 

^ 159. But tbe latest and most extensive data we baye on 
tbe strengtb of malleable iron are from experiments made 
nnder tbe direction of Messrs. Eobert Napier and Son, of 
Glasgow, tbe operator being Mr. David Kirkaldy, wbo bas 
publisbed tbe experiments in fiill. I bave already alluded 
to tbese experiments, and, as I sball bereafter freqnently bave 
occasion to qnote tbem, I may bere say at once wbat little 
of introduction tbey require. 

Some few years ago Messrs. Napier, wisbing to ascertain 
tbe merits of some kinds of steel newly introduced, commis- 
sioned Mr. Kirkaldy to experiment on tbem ; but tbe inquiry 
appeared likely to lead to interesting results; and, as Messrs. 
Napier at tbat time bad undertaken tbe construction of two 
iron sbips of war, tbe ' Black Prince ' and tbe * Héctor,* 
tbey extended tbe investigation generally to tbe use of iron 
for structural purposes, and for sbip-building in particular. 
Tbe experiments were very numerous and comprebensive. 
Tbey comprised triáis of tbe tenacity, elasticity, and ductility 
of steel bars, in great Tariety; of wrougbt-iron bars, in 
greater variety still ; of steel and iron platos, tested in various 
directions; of iron straps and angle iron, and of various 
descriptions of iron manufactured by diferent processes, as 

I 
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rolling, Lammering, &c., together with experimental inves- 
tigations on different modes of treatment in the use of iron 
or steel ; on different shapes and sizes of specimens ; on the 
strength of bolts, made in different ways ; on welded joints ; 
on the application of sndden strains, and so on. 

The experimenta, on the whole, were aboye 1500 in num- 
ber ; and they seem to Lave been conducted with great cara, 
and considerable knowledge of the snbject. 

The first precaution was, in itself, a proof of this ; for the 
experimenters, instead of adopting the Woolwich mode of 
advertising what they were about to do, and inviting the iron- 
makers to send samples, prepared for the occasion, said nothing 
about their intentions, but quietly took their specimens from 
iron actuaUy pureJuzaed in Üie market, the makers knowing 
nothing about the proceeding till it was all over. 

It is a somewhat curious comment on both this and the 
Woolwich plan, that as soon as some of the makers leamed 
what had been done, they were exceeding wroth, and actually 
attempted (by the threat of legal proceedings) to suppress 
the publication, under the plea that the specimens had not 
been procured directly for the purpose I 

Several pieces were always tested of each make to 
obtain an average; and generally seyeral specimens were 
taken from each píate or each bar. 

'*^ 160. In these experiments, too, an element was noted 
and reasoned upon, which does not seem previously to have 
attracted much attention, but which has considerable inñu- 
ence on the application of the results to practical purposes. 

This is, the effect of the ductility oí the iron, in allowing 
it to stretchy and consequently to contract in orea before 
breaking. 

All wrought-iron bars, if of ordinarily good quality, will 
fitretch under heavy strain, and in thus elongating they 
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will contract in their transverso dimensions, some of the best 
and most ductile ones as much as 50 or 60 per cent. ; i. e. 
a bar originally 1 incli square will become reduced at the 
point of fracture to, say ^ incb atea, or less. 

The way in which this occurs with very ductile iron i& 
somewhat peculiar. At first, the stretching takes place nearly 
uniformly over the whole length of the har ; and this will go 
on, with the best irons, to the extent, perhaps, of some 15 or 
20 per cent. 

But when the strain approaches breaking, a more irregular 
result usually happens ; some part of the bar will prove to 
be weaker than the rest, and at this point the metal will 
suddenly draw out, the cross área will rapidly contract, and 
the bar will break at this diminished section. 

Now, it is a curious question, how ought the tenacity to be 
denoted ? Suppose the bar, originally 1 inch, and reduced at 
the fracture to ^ inch área, breaks with 15 tons, ought its 
tenacity to be called 15 or 30 tone per square inch ? On 
the one hand, it is quite true that 15 tons has broken a 1-inch 
bar ; but, on the other hand, it is also true that the metal 
itself has taken 30 tons per square inch to break it through. 

Postponing for the present the quesfcion of how the 
engineer should consider this in applying the results, it is 
quite clear that it i» the duty of the experimenter to give 
hoth data ; to fumish, in fact, the full details of the experi- 
ment, ñrom which the person studying it can draw such 
inferences as he may desire. For, independently of the 
tenacity of the iron, the elongation and the contraction of área 
furnish valuable means of judging of its ductility, as I shall 
hereafter show. 

Mr. Kirkaldy has carefully ascertained and given these 
data, and has calculated the tenacity in both ways. He 
found that the contraction of fractured área varied fpom 5 to 
30, 40, 50, and in some cases to eyen 60 or 70 per cent. 

I 2 
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161. The wrought-iron bars tried for tenaciiy were generally 
about f to 1 inch sqnare or romid, and were of many different 
makes, — ^foreign, Yorkshire, Staffordshire, Scotch, and Welsh. 

Estimating the tenacity by the área of fracture^ tbe highest 
tenacify obtained was a oertain Swedish iron, that gaye the 
enormous amount of 84 tons. 

The lowest was a Scotch iron = 26 tons. 

But estimating, as is more customary and more practical, 
by the original área of the bar — 

The highest was a single specimen of a Scotch rivet-iron, 
giving 30 '7 tons. 

The lowest was al so a Scotch iron, a little nnder 20 tons. 

The general mean was abont 25 or 26 tons. 

y 

•^ 162. I must, howeyer, revert for a moment to the qnestion, 
which of these estimates of tenacity is the best gnide for 
the engineer in nsing the metal ? Should he take the tenacity 
on the original, or on the fractured área ? 

Suppose, for example, he had to choose between two irons, 
one which scarcely stretched at all, and broke with 20 tons 
to the inch ; the other, which rednced one-half, and then 
broke with 30 tons to the inch of reduced área, being^//een 
tona only on the original size. 

Ought the second iron to be called weaker, or stronger 
than the first ? 

As a metal, it wonld be certainly stronger ; but, in a prac- 
tical sense, the weight that a bar of a certain size would bear 
would be less than the other. Thns, therefore, we should 
get the anomalous result, that the more tenacious and more 
ductile iron (and probably much the better iron in every 
point of view) was really the weaker when applied in a bar 
of a certain size, the weakness being due, however, in this 
case, not to want of tenacity, but to the reduction of área 
consequent on the ductility. 
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The practical effect oí this reduction in área of fracture 
was put to the test by trying comparative samples of tbe 
same iron, some of which were so sliaped as not to admit of 
the metal drawing out or elongating, but to compel it to 
break at or near the original área. And it was found, 
naturally enough, that the bar which could not elongate 
would bear a considerably higher strain per square inch of 
originan área than that which conld do so. 

I am indined to think that the old-fashioned way of 
denoting the tenacity by the original área of the har is the 
simplest and most straightforward, and the least likely to 
créate confasion, and that, therefore, it is the best to adhere to. 

But it must always be borne in mind that this datum, if taken 
alone and unqualifíed, would make a hard, brittle, inferior 
iron, seem superior to one very much preferable in almost 
every respect; and that the engineer, therefore, must be 
careful not to base bis judgment on simple tenacity alone, 
but must always take account of the other qualities of iron, 
particularly its ductility. For though a hard and brittle, 
but tenacious description of iron might suspend, under a 
steady load, a higher weight than a better and more ductile 
one (owing to its retaining nearly its fuU section to the last), 
yet such an iron would be highly unfít for the great majority 
of the purposes where wrought iron is used, and where the 
power of withstanding jerks and sudden blows is necessary, 
for which only a tough and ductile quality would be proper. 

It is worthy of remark that the most ductile qualities 
of iron have (from their generally superior character) the 
great advantage of more uniformity in their strength than 
the common and more brittle kinds. Mr. Kirkaldy found 
that some of the best and most ductile irons only varied in 
different specimens about 4 to 5 per cent., while the harder 
and commoner sorts varied 30 or 40 per cent. As an ex- 
ampie, the iron which in one specimen showed the highest 
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tenacity of all (30*7 tons), gave in another specimen almost 
tbe lowest (21 tons). This was a hard, miyielding, common 
iron. 

The thing I am most surprised at in these experimenta is, 
that the minimum tenacity is so higli as 20 tons. It seems 
strange to me that among all the speoimens of bar iron 
Mr. Eirkaldy tried, he shonld not have got any weaker ; for 
I know by my own experience, corroborated by the general 
knowledge of engineers, that bar iron is often met with that 
wül break with considerably under 20 tons ; indeed, wronght 
iron is sometimes seen, particnlarly in cheap rails, which 
is great rubbish, not much better than cast iron. 

163. Mr. Styffe gives (Tables I. and II.) several experiments 
on Swedish irons. 

Taking the original área of the bars, the highest tenacity 
was about 24 tons; the lowest, about 20 tons; the mean, 
nearly 22 tons. 

The mean breaking weight on the reduced área of fractore 
was 52^ tons, the irons being yery duetile. 

164. I have generally found it safe to assume that the 
tenacity of wronght-iron bars (estimated by the original área) 
will vary from abont 15 tons in the worst, to abont 30 tons 
in the best qualities; and, as a practical rule, whenever 
wrought bar-iron is specified to be used for structnral pur- 
poses, it should be stipulated to be of such a tenacity as to 
withstand at least 20 tons per sqnare inch withont breaking. 
This is by no means a severe test for iron bar, and iron which 
will not stand it ought to be rejected as inferior. 

At the same time, as I have before observed, the goodness 
of the iron is not to be measured by its tenacity only ; the 
other qualities good iron ought to possess will be mentioned 
as we pass on. 
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Stbength of Wboüght Ibón to besist Cbüshino. 

165. The second kind of strength to be considered in 
malleable iron is that to resist destruction hj compressive 
forcé, or croshing. 

This is more difficult to determine with exactness in 
wrought iron than in cast, owing to the greater ductiÜtj of 
wrought iron, and the different way it behaves nnder com- 
pressive strain. 

Wben a small piece (say, a cnbe of an inch on each side) 
of wrought iron is exposed to a gradually-increasing com- 
pressive forcé, it resists for some time any violent chango ; 
but as the crushing forcé increases, the shape and proportions 
begin to suffer ; and at last, if the metal is tolerably dnctile, 
it will begin to ooze gradnally away, like a limip of lead in 
a vice, or a red-hot rivet nnder the pressure of the riveting 
machine. 

Henee, as Mr. Hodgkinson has pertinently remarked, 
there is, with tolerably good wrought iron, no such ábrupt 
change as to enable an experimenter to define the exact point 
at which the crushing may be said to occur. 

166. Sufiícient has, however, been observed to enable us 
to arrive at some general idea of the resistance of wrought 
iron to a compressive forcé ; and it may be taken about as 
follows : — 

With a forcé of about 9 or 10 tons per square inch, the 
permanent shortening becomes perceptible. 

With somewhat more (say about 12 tons) the distortion 
becomes more marked, the shape and proportions beginning 
to suñer ; and this, therefore, may be considered the limit of 
the utility of the material in resisting compressive strains. 

It still, however, takes more pressure, viz, about 16 tons, 
to cause the metal to give way. 
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No donbt these resulta would be foand to vary considerably 
in different specímens of iron ; but, for the reason I have 
stated, we have but few data on the snbject, and inust there- 
fore be content to take the general resnlts as I have given 
them. 

Stiffnbss Aio) Elasticitt. 

167. We have next to consider the behaviour of wrought 
iron nnder strains ahort oí the breaking forcé. 

Suppose, as before, onr 1-inch bar hung np by one end, 
and a modérate weight hung to the other end ; it will stretcb 
a certain amonnt, dependent on its stiffneas (or inversely its 
pliabilitj), while its power to recover itself when the weight 
is removed is due to its dasticity. 

In both these respects, wrought iron has the advantage 
over cast iron. 

168. First, as to its élasticity. This is more perfed than 
in cast iron, inasmuch as the law ut tenaio 8Íc vis applies much 
more truly and extensively. 

In some experiments by Mr. Hodgkinson, reoorded in 
Clark's work on the Brítannia Bridge, a long bar was loaded 
with varying weights, and the extensión was found to be 
remarkably uniform up to 10 or 12 tons per square incb; 
being as nearly as possible ^a^^q of the length for each ton. 
Beyond this strain the proportion failed, and the extensión 
increased rapidly. 

The degree of pliability varied, however, very much in 
different kinds of iron, even more than the ultimate strength. 

Mr. Hodgkinson beHeved that a certain defect of elasticit y 
was shown by permanent set, but this was very slight when 
the weight was small. For example, up to 6 tons per square 
inch, the permanent set appeared to be -^Tf o^ ^^^ extensión ; 
with 9 tons it became = -¿j^ oí the extensión; and with 12 tons 



MALLEABLE IBÓN. 121 

= ^ of the extensión. But some doubt has been thrown* on 
ihe accuracy of these results, whicb, it is beHeved, may bave 
arísen either from error of tbe apparatus, or £rom accidental 
irregnlarities of texture. General Morin has tried other 
ezperiments, wbicb lead to a strong belief tbat no sucb defect 
is manifested in good material. 

We may tberefore be jnstifíed in concluding tbat for 
modérate strains (say, not exceeding 10 tons per square incb) 
we may asstime tbe elasticity of wrougbt iron to be sensibly 
perfect in a practical point of yiew. 

169. Beyond 10 or 12 tons tbe extensión became rapid 
and irregnlaor ; nearly tbe wbole extensión became permanent ; 
in fact, tbe limit of elasticity baving been exceeded, tbe 
dnctility came into play. Tbe ultímate strengtb preved to 
be upwards of 20 tons, but tbe safe load for tbe use of tbe 
material was dearly defined by tbe limit of elasticity. 

Mr. Styffe, in Table lY., gives some experiments wbicb make 
tbe limit of elasticiiy yary from about 0*5 to 0*8 of tbo 
breaking weigbt, tbe mean being O * 625. Tbis for 20 tons 
ultimate tenacity would give 12^ tons for safe load ; but it 
would not be prudent to adopt, in practico, so bigb a pro- 
portion. One-balf, or 10 tons, sbould be tbe outside. 

170. Mr. Edwin Clark points out a curious result wbicb 
be believes to exist in regard to tbe permanent set — namely, 
tbat it is not increased hy repetition^ however often, of the 
same load, 

For example, suppose we bave a very long bar of iron, 
wbicb is quite new, and bas never yet been strained, and let 
US put on a tensile forcé wbicb will extend it, say, 3 incbes 

* See remarks by Professor Oaloott Beilly in * Min. Proc. Inst. G. E., ' 
yol. xzz., pages 258 to 263. 
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in lengtli ; then remove this weight, and suppose it will go 
back 2} inches, leaving j- inch permanent set. 

If then we repeat tbe same strain, by pntting tbe same 
forcé on again, tbe bar will only come to the same place a3 
hefore, giving no furtber extensión and no fortber permanent 
set. 

Tbe same tbing is asserted of compressive action, as in 
tbe case of a column. 

In some investigations I bad lately occasion to make for 
tbe Goyemment on breecb-loading rifles, I found a fact bad 
been observed at Enfíeld wbicb was somewbat analogons. 
Tbe spiral springs used in tbe Martini-Henry rifle bad been 
fonnd to become, in use, sligbtly weaker tban wben tbey were 
made, and it was at £rst feared tbat tbis was an evidence of want 
of permanent power in tbe form of spring. But on carefal 
experiments being tried it was found tbat tbe relaxation was 
due to a sligbt permanent set, wbicb occurred in tbe early 
use of tbe spring, but never afterwards increased. Tbe evil 
was tberefore at once cured by making tbe springs originally 
a little stronger tban tbey were intended for — i,e. about 
42 Ibs. instead of 40 Ibs., and tben compressing tbem re- 
peatedly before tbey were put in tbe locks. Tbis brougbt 
tbem to tbe required strengtb, wbicb tbey ever afterwards 
retained. 

Tbe effect of tbis property in practico is of considerable 
importance, as it sbows tbat an iron structure will not increase 
in deflection by any number of repeated applications of the 
same load. 

Suppose, for example, we bave an iron girder bridge 
erected for carrying a railway over a road ; and suppose, tbe 
first time a beavy train comes oyer it, it deflects 2 incbes, 
and tbat wben tbe train is passed over it retums 1 * 9 inch, 
leaving one-tenth permanent set. Wben tbe train comes 
over again it will deflect only this 1*9 inch — i.e, it will go 
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no lower than it did before, and this over and over again, as 
long as we please. If it were not for this property the 
bridge would go on taking more and more permanent deflec- 
tion every time the load passed over, which wonld, at length, 
amonnt to something considerable. 

In consequence of this curious property it is sometimos 
said that iron has the anomalous property of being stronger 
after it is strained than it was before. Of course this would 
be nonsense as regards the ultimate strength ; all that it 
means is, that after iron has been once strained it will yield 
leas under the same pressnre ; it will become stiffer or less 
pliable; and its elasticity will become more perfect under 
repetition of the same load. 

It will be instructivo to mention a case that occurred 
some time ago, where this principie was practically applied 
to great advantage. 

You have probably heard of the process of drawing lead 
tube by forcing it, in a semi-fluid (or sometimos in a nearly 
solid) state, through a small annular hole. The lead is con- 
tained in a cylinder and pressed upon by a pistón, and the 
forcé required is enormous, amounting to 60 or 60 tons per 
square inch. The practical difficulty of getting any cylinder 
to withstand the pressure was almost insurmountable. Cast- 
iron cylinders, 12 inches thick, were quite useless; they 
bogan to open in the inside, the fracture gradually extending 
to the outside, and increased thickness gaye no increase of 
strength. 

Cylinder after cylinder thus failed, and the makers 
(Messrs. Easton and Amos) at length constructed a cylinder 
of wrought iron 8 inches thick. After using this cylinder the 
first time, the intemal diameter was so much increased by the 
pressure that the pistón no longer ñtted with sufficient 
closeness. A new pistón was made to suit the enlarged 
cylinder, and a further enlargement occurring again and 



124 MALLEABLE IBOM. 

again with renewed use, the constant requirement of new 
pistons became almost as formidable an obstacle as tbe 
failure of the cast-iron cylinders. The wrought-iron cylinder 
was on the point of being abandoned, when Mr. Amos, having 
carefiilly ganged the cylinder, both inside and ont, found, to 
his sorprise, that although the intemal diameter had increased 
oonsiderablj, the exterior retained preciselj its original dimen- 
sions. He consequently persevered in the construction of 
new pistons, and found ultimatel j that the cjHnders enlarged 
no more, and so the last pistón continued in nse for many 
years. Here, therefore, the permanent set operated first in 
the intemal portions of the metal as they expanded ; it was 
then gradually extended to the surrounding layers, and so, at 
last, sufiicient material was brought into play, with perfect 
élaaticity, not only to withstand the strain, but to return hack 
to the normal state every time after its application; and thus, 
by the spontaneous and unexpected operation of what was then 
an unknown principie, an obstacle, apparently insurmountable, 
and which threatened at one time to render mach valuable 
machinery useless, was entirely overeóme. 

The same thing has been since found with the modem 
wrought-iron guns, which, when first used, expand slightly 
under the strain, but which soon acquire a permanent set, 
and do not then go farther. 

In cast iron, the same principie accounts for the result 
I have mentioned in regard to cast-iron beams — viz. that 
it has been found that, provided the strain be modérate and 
well within the practical elastic limit, the repetition of the 
strain for a very great number of times has no perceptible 
efíect in weakening the beam ; in fact, the first application of 
the strain haying produced a certain permanent set, this is 
not increased by repetition, but the beam, under this 
strain, acquires increased elasticity and receives no further 
injury. 
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171. The pliability and elasticity of wrouglit iron under 
campressive strain have been determined by Mr. Hodgkinson, 
who subjected to tbis kind of forcé long wrougbt-iron bars 
(prevented from bending by mechanical means), and care- 
fally measored the effects with diñerent weights. 

It was found that every ton added compressed the bar very 
iiniformly about loooo ^ ^^ ^^^ length, and that this uni- 
formity continued up to about 13 tons. But beyond this, 
1 ton more compressed it nearly io^oo ^^^> ^^^ ^^ second 
ton nearly loooo ^^Q* ^^ ^^^^^ about this point the compres- 
sion kept on increasíng, even whüe the weight remained the 
same. 

This appears to be a little more alteration than is given 
by the tensile action ; but possibly the quality of the iron, 
or some other accompanying circumstances, may have varied, 
and the number of direct experiments on the subject are not 
very large. 

At any rate, the two series are sufficiently near to warrant 
US in assuming, for practical purposes, that up to the limit 
within which wrought iron ought to be used in structures, 
whether in tensión or compression, we may assume its elas- 
ticity as practically perfect. 

172. As to the valué of the modulus of elastic stiffness, E, 
the tensile experiments I have mentioned give it = 12,500 
tons. 

The compressive experiments = 10,000. 

Other experiments, by other partios, range from 9000 to 
14,000. 

But it has been generally assumed that the roxmd number 
10,000 may be taken as a fair mean valué, easily remembered, 
and su£&ciently near for ordinary practical purposes. The 
dimensions for this constant must be taken in inches and 
the weight in tons. 
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173. Mr. Styffe gives the foUowing as the resnlts of his 
experiments on elasticity : — 

The elastic forcé whioh iron and steel deyelop on stretching is not 
always equally powerful in the same material, but is dependent on the 
manner in whioh the metal has been previously treated. Thns, by 
siich mechanical operations as stretching, hanmiering, &c., the elasticity 
may be diminished, whilst by a modérate heat, or still better by a 
glowing heat, it may be increased. Moreover, it does not vary to any 
great extent for difierant Mnds of material, but it generally decreases 
with the speciñc gravity. The measore of this forcé, or the modulus 
of elasticity, may be estimated in round numbers at nearly 14,000 tons 
for roUed or forged bars having a specifíc gravity of about 7*8, and con- 
taining only a trace of phosphorns; but for iron bars in which the 
material is very cold-short, or oontains a considerable proportion of slag, 
it is only about 12,500 tons. On the oontrary, in Bessemer iron with a 
specifíc gravity of 7*88, the modulus of elasticity may rise to about 
15,000 tons. 

DUCTILITT. 

174. I now come to a most valuable qualitj of wrought 
iron ; i.e, its ductility. 

When the elastic power of wrought iron becomes exceeded 
by the strain upon it) the chango of its form becomes per- 
manent ; and, if the iron is good, this permanent changa 
will go on increasing to a considerable extent, before ruptura 
takes place. 

In our 1-inch square bar, for example, strained by a weight 
hung at the bottom of it, we have seen that beyond 8 or 10 
tons per square inch, the material has no longer power to 
recover itseK completely, and the permanent set increases 
rapidly, the bar becoming gradually extended, or drawn out, 
more and more till it breaks. This eñect is due to the 
ductility, 

The ductility of iron may be accordingly estimated by 
what is called its ultímate eactension ; t. e. the amount it will 
stretch under direct tensile strain (gradually applied) before 
breakiilg. 
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Suppose our l-inch bar to be loaded as before, a certain 
length of it is carefully marked off and measured before the 
weight íb put on; the distance between the marks is then 
again measured £rom time to time, as the weight increases ; 
and, last of all, when the bar breaks, the ultimate elongation 
taken in proportion to the original length will represent the 
ductility. 

175. Mr. Eorkaldy tried this with many different kinds of 
iron, and found the results very variable. 

In some kinds of iron the ultimate elongation was as 
much as 30 per cent., or = 0*83 ; in others it was as low as 
3 per cent. = 0*03, the highest class irons being generally 
the most ductile, and mee veraá, 

The general mean for all the bar irons tried was about 20 
per cent., or = 0*2. 

The rote of extensión was not uniform (like elastic plia- 
büity) in proportion to the weight applied. It increased 
more rapidly as the weight became greater (in the same 
manner as the permanent set), so that the elongations of the 
bar became more and more rapid as weights were edded. 

And towards the last, as alreadj mentioned, with the 
more ductile irons, the metal suddenly drew out in one place, 
and broke by the diminution of the área. 

In the hard, brittle, and coarser kinds of iron, however, 
little or no indication was given of the approaching rupture ; 
on the contrary, they gave way suddenly and unexpectedly. 

176. Mr. Styffe gives the following results as to the duc- 
tility of wrought iron : — 

With siz kinds of Swedish iron tried, the máximum elon- 
gation was nearly 23 per cent. ; the minimum, 16^ per cent. ; 
the mean, 20 per cent. 

Specimens of Welsh rails elongated from 3 to 8^ per cent. ; 
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of Cleyeland iron, 14 to 18 per cent. ; oí Staffordshire iron, 
7 to 12 per cent. ; and of Low Moor iron, 10 to 20 per cent. 
He adds (Art. 83) the following remarks : — 

The amount of permanent elongation produced by stretching iion and 
stedl is dependent, not only on the chemical constitution of the material, 
the manipulation to which it has been subjected, and the regulañty of 
its section, but also on the method by which the traction is efected. 
These elongations generally increase more rapidly than the excess of 
the loads above those at the limit of elastioity ; but it may be assumed 
that they are approximately proportional io this excess. 

177. The most popular notion of the use of dudility is to 
enable the metal to be drawn into wire. But this, thongh 
no doubt a considerable advantage in iron, is by no means 
the greatest valué of the. quality. It is the ductiUty oí iron 
which gives it the general power of yielding, bending, draw- 
ing out, or giving way under sudden strains, instead of 
snapping off; it is, in fact, the opposite of hrittleness ; as 
generally speaking, the least ductile iron will be likely to 
be the most brittle. 

There is a word in great use popularly in describing iron, 
namely, toughness. Almost everybody knows, practically, 
what this means, but it is somewhat difficult to define strictly. 

It is a sort of combination of tenacity, hardness^ and duc- 
tility, the latter, however, being decidedly the chief element. 
And I need hardly remind you that this quality of toughness 
is, perhaps, the most important of all the properties of 
wrought iron as applied to modem use; for it is this that 
dictates the special adaptability of the material to railways, 
machinery, armour defences, and generally all other purposes 
which require not only strength, but also capability to resist 
shocks, concussions, and sudden and irregular strains. 

I am not aware that there is any positivo measure* of 
toughness, comprising all the qualities which enter into it ; 
but we may obtain a tolerable approximátion to it by what I 
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haye called Mcdlefs eoeffident; Le, the qnantity of work 
necessary to break a bar, as I have before explained to you. 
(See Art. 97.) 

Tbis is a direct compound of the tenacity and the ductility, 
being = half the breaking weight multiplied into the ultímate 
elongation. 

178. Mr. Kirkaldy's ezperiments give us the yalues of this 
coefficient as deduced from many kínds of iron. 

For bar iron we find the máximum (best Yorkshire) = 9500. 
The minimum, a Scotch iron, = 730. 

For the mean of the bar irons tried we may take it as 
= 5600. 

Habdness. 

179. The next quality we haye to consider is the hardness 
of wrought iron. 

This, also, like eyery other quaHty, yaries exceedingly. 
Some kinds of wrought iron are almost as hard as un- 
hardened steel, others are almost as son as copper. 

And this is fortúnate, for we sometimos require one grade, 
sometimos another. Wheneyer wrought iron is subject to 
wear, or in .those cases where permanence of shape is 
desirable, then a hard iron is the proper thing; but in 
other instances, where it is required to withstand blows, 
yibrations, or concussíons, without danger of fracture, then 
softness is preferable. In the case of armour plates, for 
example (as I haye before had occasion to remark), softness 
is the quality we haye sought to obtain more than any other. 

180. To some extent softness is allied to ductility, for 
it stands to reason that soft iron will generally be more 
ductile than hard ; but this must not be receiyed without 
quaUñcation, for, on the one hand, in fine qualities of iron 

E 
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a good degree of hftrdness may ooezist with considerable 
ductility, while, on the other hand, some inferior soft irons 
may, irom their want of Btrength and tenaoity, £úl in ductile 
oapability. 

181. The hardness of an iron does not, taken alone, give 
any índex to its general goodness of quality. We might 
take the poorest Welsh rails and find them the same hardness 
as the best Yorkshire tyres, although the former may have 
cost only 5Z. a ton, and the latter 251, 

182. I am not aware that wronght iron has been subjected 
to any direct graduated tests for hardness, such as those 
applied to cast iron by the American experimenters. These 
engineers did indeed try one piece of wronght iron, which 
they made = 3 * 32, but the range of hardness in different 
samples wonld probably be quite as large as in cast iron. 

Textübe. 

183. A yery good indez to the hardness or softness of 
wrought iron, as well as to its character generally, is 
famished by the natnre of its texture, as evidenced by the 
appearance of its fracture. 

Dr. Fercy (page 8) has some excellent and instructiYe 
remarks on the intemal texture of iron, from which the 

following extracts will be interesting : — 

• 

After fusión, iron is highly crystalline, and its snrface will always 
exhibit distinct crystalline markings when slowly acted on by dilate 
hydrochlorio or sulphuric acid. The crystallization of iron has excitad 
much attention, especially amongst engineers, and although much has 
been talked and wrítten ábout it, yet no small confusión respecting it 
still preyails. However, a careful examination of the subject will 
tend to remove this obscurity. 

Bar iron acquires a largely crystalline struoture by long exposme to 
a temperature which, though high, is yet very far below the melting 
point of the metal. On the application of a certain amount of heat. 
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the particles have sufficient freedom of motion to anange themselTes 
in crystals. Iron which has been frequently and strongly heated, 
or iron whioh has been forged into large masses» and which must 
necessarílj have been snbjected during a considerable time to a high 
temperature, tends to become largely crystalline in stnicture. The 
operation of hammering iron while strongly heated, and during 
cooling to a oertain degree, will obvionsly interfere with the actíon of 
the foroes which determine crystalline arrangement, and may, con- 
sequently be expected to diminish the size of the crystals. But in the 
case of large masses it will be difScult to affect the metal far below 
the surface, unless a very heavy hammer is employed and very power- 
fol blows are applied, and even then it is hardly possible to conceive 
that nniformity in the size of the crystals should be produced throngh 
the masa. For when the exterior may be oooled down to redness, the 
interior mnst still be at a mnch higher temperature, it may be white 
hot ; 80 that on subsequent cooling, after the cessation of the blows, 
the particles in one part of the mass will be in a condition to assume 
a more largely crystalline structure than those in another part. It is 
this which constitutes the difficulty in large forgings, and it cannot 
be overeóme by continuing the hammering until the metal in the 
interior is sufficiently reduced in temperature to prevent the formation 
of large crystals in that part ; for if the metal on the exterior were 
hammered at too low a temperature, as would certainly be the case in 
the condition supposed, it would become brittle and tender. The 
presence of phosphorus fayours the formation of large crystals, and 
this element occurs in most oommercial yarieties of British iron. 

The larger the crystals, the more easily will the iron break ; for as 
fracture will occur in the direction of least resistance, which is that of 
the deayagd planes and of the planes of junction of contiguous crystals, 
it will be facilitated in proportion to the size of those planes. On the 
other hand, when the crystals are comparatively small, they are, so to 
speak, more interwoven with each other ; there are no large cleavage 
planes, and consequently there is less tendency to fracture. Whether 
the foregoing consideratíons be correct or not, it is well established in 
practice that largeness of crystal in a bar of iron indicates facility of 
fracture. 

When a pieoe of iron which has been melted, and which is largely 
crystalline, is cautiously hammered at a suitable temperature into a 
shape adapted for rolling, and then roUed into a bar not too thick, it 
will present either a fibrous or a crystalline fracture, according to the 
manner of breaking it, and especially the duration of the act. After 
nicking it to a slight depth on one side with a cold chisel, and then 

K 2 



132 MALLEABLB IBÓN. 

bending it slowly baokwards from the line of the nick, the fractnre 
will be highly fibrous, and may be almost silky.* On the other hand, 
if it be nioked all round and afterwarda snddenlj broken in the line of 
the nick, the fracture will be crystalUne with, it may be, only here 
and there an indication of fibre. 

By the operation of roUing, the cryetals are drawn out m fme direc' 
tion into wires, as it were, and the resulting bar, therefore, will be 
oomposed of parallel and oontinuous bundles of such wires. But the 
orystalline structure is not thereby obliterated, the crystals having 
been merely elongated ; and accordingly every bar, even down to the 
smallest size, should on sudden transyerse rupture present a crystal- 
line fracture, the appearance of which will become indistinct in 
proportion to the extensión of the orystals, or, in other words, to the 
degree of roUing. In the procesa of wire drawing, the same resnlt 
should ooour ; and the fracture, even of the finest wire, when suddenly 
effeoted, should be crystalline, though it may be very minutely so. 

Time plays a most important part in determining the character of 
the fracture. When the metal is broken with extreme rapidity, there 
is no time allowed for the exercise of the property of ductility, and the 
fracture will necessarily be crystalline ; but on the oontrary,* when 
rupture is slowly produced, there is ampie time for the exercise of that 
property, and during the act of bending a bar in order to break it, the 
crystals on the convex side in the place of flexure actually undergo a 
process equivalent to wire drawing, and so tend to develop fibre on 
fracture. Howeyer, in every rolled bar it has been shown that fíbres 
in the form of elongated crystals pre-exist. Henee the fibrous fracture 
of a bar of rolled iron is partly the result of the operation of bending, 
and psurtly of that of rolling. 

In a rolled bar of iron the fibrous structure may be rendered 
manifest by the etching action of acids, as is the crystalline in a piece 
of iron which has been melted, and for precisely the same reason. 

In an ordinary rolled bar of iron there is another cause inducing the 
manifestation of fibre by this etching action. There is always some 
silicato of protoxide of iron remaining in such a bar, and this becomes 
extended along with the iron during rolling ; as acids do not act on 
this silicato and the metallic iron with equal intensity, it is clear that 
their solyent action will cause the appearance of fibre. This silicato 
is apt to be irregularly difi^lsed, and to occasion corresponding irroga- 
larity in the etching process, deep furrows and holes having firequently 
been the result. 

* t. e. if the quality of the iron be fine ; but I do not believe that a 
silky fibre can be produced by any means from inferior iron. — ^W. P. 
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184. I will only add on this subject a few general indica- 
tions as to how the textnre of iron ís usuallj considered in a 
practical point of view. 

There are two distinct kinds of texture observable in 
the fracture of wrougbt iron, viz. the crystcdline, and the 
JíbrouSy and there are certain general interpretations of these 
appearances whieh, though subject to many exceptions and 
modifications in practico, are sufGlciently near the truth to be 
prominently mentioned. 

A cryataUine fracture is generally considered indicativo of 
hardness. 

If the crystals are fine and uniform (or, as it is often ex- 
pressed, if the iron is fine-grained or shows a " saccharoidal " 
fracture) it is indicativo of considerable tenacity, ánd of a 
faigh general quality. And great tenacity is indicated by a 
particular irregular tearing appearance, caused by the strong 
effort of the fine crystals to hang together. 

If, however, the crystals are coarse and large, they will 
probably be easily separated, and the iron (though still hard) 
will be wanting in tenacity, and brittle, and generally of low 
quality. 

On the other hand, stríngy or fibrous fracture is, generally 
speaking, considered indicativo of softness and ductility. 

If the fibres ta&fine and sühy, the iron is usually not only 
soft, but tenacious, and generally of high quality in other 
respects. But if they are coarse and rough, the iron, though 
still it may be soft, is wanting in tenacity, and of low 
quality and valué generally. 

But these directions must not be received as infallible, for 
the reason given by Dr. Percy, that the fracture of the same 
iron will often di£fer when broken under different circum- 
stances. The appearances will vary according to the degree 
of suddenness, or the reverse, with which the iron is broken. 
If it is snapped suddenly, there is always a greater tendency 
to a crystalline fracture, whereas if it is broken slowly, by a 
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gradual application oí the breaking forcé, the tendency is to 
show fibrous struotnre. Tbis is explained in tbe following 
way. 

Tbe fibre in iron is produced bj roUing, wbicb appears to 
baye tbe effect of cansing the particles to arrange tbemselyes 
in wbat may be called bnndles of tbreads, parallel to tbe 
lengtb of the bar, as it goes tbrougb tbe polis. The more 
iron is rolled, the more marked and positivo is tbe fibrous 
structure ; and it is believed that tbis fibrous structure can 
be given in tbis way, to a certain extent, to abnost any kind 
of iron, althougb of course some kinds will take it much 
more perfectly than others. Henee arises tbe effect of 
repeated rolling in making iron tough, wbicb is tbe result 
of a fibrous structure in good iron. 

Now if we take tbis bundle of tbreads, and break it off 
suddenly and short at right angles, we sball see in the 
fracture only the crosa^ediom oí the diñerent tbreads, which 
are in reality elongated crystals, and tbis will give it a 
crystalline appearance. 

But if we break it more slowly we give it the opportunity 
of hending as it hreáks, and instead of breaking off i^t rigbt 
angles, we sball get the tbreads drawn out, which will enable 
US to see the sides oí ibem, «howing b, fibrous fracture. 

The two kinds will frequently be niixed in one piece, and 
tbis is often prometed by some portions of tbe iron being 
barder than others, the barder portions breaking more sud- 
denly than the softer, and sbowmg more crystalline. 

In iron that has heeapiled, the different layers often break 
differently, from tbis cause. 

Tbis difierence may also be caused sometimos by altering 
tbe shape of the iron, so as to make it snap more easily, as 
by nicking it, wbicb will tend to make it look more crystal- 
line. In fact, it has been conjeotured that the act of nicking 
may tend to crystallize tbe iron immediately adjoining. 
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It is sometimes eyen asserted that any iron may be made to 
look either crystaUine or ñbrons in the fracture, according 
to the way in which it is broken, and that therefore no 
oorrect inference can be drawn. But this is not the case. 

Nicking a bar, f or ezample, and then breaking it bj a blow, 
ÍB the nsual way of trying iron in the workshop ; and thou^ 
this nndonbtedly tends to produce crystalline fracture, yet it 
cannot conceal a good tongh, truly fibrons stmcture, which I 
have foiind exempli£ed in this way over and over again. 

Again, in the iron píate experiments at Shoeburyness, 
when a píate was stmck by a ball flying at 1600 feet a 
second, snrely this would be abont the TnaxímuTn of sudden- 
ness with which the fracture could take place, and yet in the 
best and softest irons more lately made, fibrous fracture has 
been always very marked, mixed, however, generally with 
portions of crystalline. 

I do not, however, conceal from yon that, to judge properly 
of the qnality of iron by its fracture, requires very consider- 
able experiencej which no other kind of teaching can 
efficiently supply. 

185. There is another kind of variation in the textureof iron 
which deserves a remark or two, as it often affects the struc- 
tural use of the metal ; this is a certain kind of hriUleness 
(or as it is called, shortnesa)^ which varios under difíerent 
conditions of heat. 

Some kinds of iron are very tough and fibrous when cold ; 
but when they are at a red heat, the cohesión of the partidos 
seems to sufEer, and the metal becomes brittle and almost 
rotten. The iron is then called redr-ahort ; and of course it is 
difficult to work in the f orge so as to keep it sound. 

On the other hand, other kinds of iron are perfectly 
ductile and malleable, as well as cohesivo, when heated ; and 
will therefore work excellently in the forge, but become 
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brittle and firagile when oold. This Í8 called colé^hort 
iion. 

Bed shortness íb, I belieye, said to be due to the presence 
oí Bulpliar ; oold sboriness to pbospboms : the defects are 
very common, and nsers of iron moBt be prepared often to 
meet witb tbem. 

Wbere extensiye and complicated forging operations are 
necessary, red-sbort iron is inadmissible, but wbere the 
forms are simply obtained, and wbere tongbness in use is an 
object, it will answer well. 

On tbe otber band, coldnsbort iron mnst be avoided wben- 
ever tbe material bas to stand blows or conenssions, for 
\vbicb its brittleness woold prove a disqualiñcation. 

Speoipio Gbavitt. 

186. Wrongbt iron is considerablj more dense tban casi 
iron. Its specific gravity varíes according to tbe qoality, tbe 
best iron being nsually tbe densest, as in conseqnence of tbe 
amonnt of working it bas received, tbe partidos bave become 
pressed closer togetber, and tbe ligbter impnríties more 
perfectly exclnded. 

Dr. Percy gives tbe sp. gr. oí puré iron, obtained by 
electro deposit, as 8*14, bnt no wrongbt iron in practical 
ose eyer approacbes tbat figure. 

Tbe large collection of samples tríed in Mr. Kirkaldy's 
experiments ranged between 7 * 5 and 7 * 8. 

I myself bave fonnd iron rails vary from 7*4:7 to 7*64, 
giving a mean of 7*64. But tbese are generally of a low 
quality of tbe material. 

It is found tbat (as we bave already seen in tbe case 
of cast iron) tbe sp. gr. fümisbes a fair indez of tbe general 
quality of tbe material. If it approacbes 7*8, it will 
generally be fonnd to bave good qualities of some sort 
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or other ; if it is nearer 7* 5, it will probably not have muoh 
to reconunend it. 

187. It is üsnal in practical calonlations to assume the 
ep. gr. oí wrouglit iron to be 7*68, as this is a fair average 
yalue, and it afEbrds some very great conveniences in esti- 
mating weights, particularly as regarás platea and hars^ the 
two krads in most oommon use. 

On the assmnption of the aboye specific gravity, the weight 
of a cubic foot will be 480 Ibs.; kaá, consequently the 
weights of iron píate will be as follows : — 

1 inoh thick 40 per foot snper. 

i » 30 

* » 20 

i „ 10 

^ >» 5 » 

•^ n 2J „ 

and so on ; a most convenient míe, which is not easily for^ 
gotten when once it is known. 

Then in regard to hará of all shapes, square, round, flat, 
angle iron, deck beams, T irons, and all sorts of shapes which 
nrn in long lengths, we haye another easy rule, founded on 
the same assmnption of the sp. gr. 

The weight of a cubio inch will be — 

480 10 

1728 = 36 = ^2^^^' 

ConseqxLently, a bar 1 inch square and 1 yard long (con- 
taining 86 cabio inches) will weigh 10 Ibs. 

Henee, to £nd the weight of a wrought-iron bar of any 
section, we haye only to muUiply the number of square inches 
in the section hy 10, and that will giye os the weight of 
1 lineal yard oí that bar. 
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188. Before quiitmg the snbject of wronght iron generally, 
ihere are afew other points afEecting its stmctural use wbich 
deaerve mention. 

In the outset, speaking of the tensile strength of wronght 
iron, I remarked that the strength yaried as the área of the 
oroBS-section, %.e. that a bar 2 inches square wonld have 
f onr times the tenacity of a bar 1 inch sqnare. 

Tliifi is quite true, if we snppose the iron to be of the same 
guality throughont, in both the bars. 

But there is a fact which I mnst now ezplain to yon, 
which considerably affects the application of this míe in 
practico, namely, that the quality of iron made from the 
same original material will vary considerably, according to 
the 8Íze in which it is produced, being generallj inferior in 
the largor and superior in the smaller sizes. 

Thus, if we were to take the same puddled bar, and work 
three portions of it, one into say a large hammered shaffc, 
another into a rolled bar 1 inch square, and the third being 
ultimately drawn into wire ; we should find considerable 
variations in the strength and other properties of the three, 
increasing in the smaller dimensions. I haye mentioned a 
similar fact in regard to cast iron. 

The data of strength and other properties I haye giyen 
haye been deriyed £rom bars which we may consider the 
médium or most common dimensions of marketable wronght 
iron. 

I may now say something of the yariations from these 
sizes, ñrst as regards larger^ and secondly as regards smaUer 
dimensions. 

Large masses of wronght iron are usually made by ham- 
mering, although of late years roUing has been applied on 
a much largor scale than formerly. But whicheyer procesa 
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is adopted, it is fonnd that when tíie mass is large, the 
texture oí the iron, particularly in the central portions of the 
mass, cannot be brought into a state to giye snch good 
resolts, either of strength or ductility, as iu smaller dimen- 
sions. 

Mr. Mallet has inyestigated this subject thoroughly, and 
explained clearlj how the effect occurs. 

It would appear that the iron having assmned a tendency 
to crystallize by the great heat, the effect of the blows of the 
hammer, or the pressure of the rolls, cannot be made to 
penétrate so far throngh the mass of the material as to 
diminish sufficiently the size of the crystals or to produce 
fibrous texture, and so to gain the strength and toughness 
that are easily obtained in smaller pieces. 

And further, in the cooling of such large masses, it is 
believed that írom the retention of the heat in the centre of 
the mass, after the outside has set, the former will be in a 
position to aamme a large crystalline structure, eyeh if it did 
not possess it before. Moreover, it has frequently been found 
that the contraction of the interior in yery large forgings, 
after the outside has set, has actually produced hollows or 
xmsound places, just as in masses of cast iron. 

It is this which constitutes the difficulty in large forgings ; 
it cannot be oyercome by longer continuance of the ham- 
mering, which would damage the cooled exterior. Ñor can 
it be altogether disposed of by increasing the weight of the 
hammers, as the alteration due to cooling would still always 
be present. 

It is often supposed that the texture in a largo mass can 
be determined by that of the bars or small pieces piled up 
together to form it ; as, for example, when bars of rolled and 
fibrous iron are piled up together, or faggoted, to form a 
large bloom, afterwards hammered or rolled into shape. 

But this is an error, for the high welding heat to which 
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the mass mnBt be snbjected, before it is worked, tends to 
oblitérate the former textnre, rearranging the molecnles 
afiresh, in a crystalline fonn. 

Mr. Mallet (in a paper published in vol. xviü of the 
• Minutes of Inst C. E/) has given eome remarkable facts to 
illustrate the comparatiTe weaknees and irregularity of large 
forgings. 

He cut pieces from large masses of wrought iron prepared 
in seyeral diflferent ways, but all alike in original composi- 
tion, and he tested them by tensión, obtaining both their 
nltimate tenacity and their dnctility or nltimate elongation. 
Taking then the original bars which had been piled op £ag- 
goted to form a large forging, and comparing them with 
gpecimens cut from the forging itself , he found the following 
results: — 



Original bar 

Pieoes taken from large forging . . 



Tenadty. 



21-9 

19-5 

to 
16-4 



Ultimate 
Elongation. 



0-055 

0043 

to 
0-006 



Workof 
Ruptoie. 



1347 

870 
to 

118 



One specimen, cut transversely from the end of a very 
heavy cylindrical forging, which had been ezposed to heat 
and percussion f or nearly siz weeks, gave a tenacity of only 
6^ tons per square inch, or less than the average strength of 
cast iron; — giving also an ultimate elongation of 0*0085, 
and the worh oí rupture only = 31 - 9 ; all less than cast iron. 

Mr. Mallet obtained the modulus of elasticity from these 
large forgings only from 5600 to 8075, showing the metal 
to be inferior in stiffiíess, as in tenacity and ductility. 

Mr. Kirkaldy also tried specimens cut from large forgings, 
and the fractures showed great irregularity of structure, with 
sometimos small tenacity and ductility. 



« 
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In one case, a piece cut from a crank sliaft gave : — 

Tenacity 14'5 

ültimate elongation 0*025 

Work of rupture 407 

Ancther from an armonr píate gaye : — 

Tenacity .. 15*4 

Ultímate elongation 0*047 

Work of rupture 825 

189» While on the subject of large masses of wronght 
iron, I may say a word or two as to the huge plates which 
have latelj come into extensive use for iron armonr for war 
yessels. 

When the Iron Píate Committee (of which I had the 
hononr to be a member) were first appointed, they began by 
institnting a series of experiments to test the comparative 
strength of plates of different thicknesses, and they early 
discovered the inferiority of large masses as compared with 
small. They, however, urged npon the makers the necessity 
of nsing every endeavonr, by powerfiíl machinery, and other- 
wise, to improve the qnality, and the resnlt has been yery 
satisfactory, for plates were at last obtained of 5^ inches 
thick, as good as the 3 or 3^ inch plates were ñve years 
befora 

The Committee obtained, by testing various samples cnt 
from the best plates, of é^ and 5^ inches in thickness, a 
mean of abont — 

Tons. 

Tenacity 24 

Ductility (ültimate elongation) .. 0*211 
Work 6670 

Which it will be seen is equal to the ayerages obtained írom 
bars. 
The question occupied a good deal of the Committee's 
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attention whether these large platea were best made by 
rolling or hammering ; some makers preferríng one mode, 
Bome the other. 

Good platea had been noanníactTired by either procesa. 
But some essential differenoes appeared between tbem. It 
was fomid, for example, that roUed plates conid be made 
mnch %ofter than hammered ones ; the rolling process mdneed 
a fibrous structtire, and this gave dnctility and softness to the 
iron, which was such an essential requisito for armour plates 
as to hayo practically settled rolling as the most approved 
mode of numüfecture. In hammered pktea no definite^e 
was developed, and there was always a tendeney to be hard. 

But the rolling process, for large plates, was not withont 
its disadyantages, as it was found so difficult to get the 
large layers of which the plates were made perfectly welded 
together. 

Armour plates are, it is true, exceptional things; but I 
believe the same principie will be found to hold true in the 
comparison of rolled and hammered iron generally. 

No doubt hammered articles may be made of yery high 
quality; indeed the highest qualities to be found are pro- 
duced in this way, as, for example, cranked azles of loco- 
motiyes, which are the best iron it is possible to procure ; 
but still, though these articles haye special good qualities of 
their own, they do not possess the %oft and fSbrous structure 
that may be found in rolled iron of much lower price. 

190. So much for masses of iron of sizes aboye the ayerage. 
Let US now look to those hélow; and we shall find that 
wrought iron, when it comes to small sizes, appears to gain 
Btrength as it lessens in dimensión. 

Mr. Eirkaldy tried some experiments to determine to 
what extent the rule of access of strength by diminution of 
size was general. He ñrst took yarious sized bars of the 
same commercial make, and found a general improyement 
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in the smaller sizes, thougli not yery marked, or alwajs 
unifonn. He then cut several pieces of the same bar 1^ inch 
round ; which, after re-heatíng, were rolled down to smaller 
sizes. ♦ The breaking weights were — 

Tone. 

When made 1} inch 25*5 

1 „ 25-7 

i „ 26 

i „ .. .. .. .. 26-6 

But the increase of tenacity becomes mnch more marked 
when the iron is rednced to the still smaller state of loire. 
This is made of iron of yery good and ductile qnality, 
draum down (as it is termed) bj piüling it through holes in 
a steel píate till it reaches the size required. This is done 
cold, the wire being frequently annealed during the prooess. 
Iron wire is of considerable importance in constrnction, on 
account of its large use abroad for suspensión bridges. 

Muschenbrock*s experiments, already mentioned, on iron 
wire ^ of a square inch área, gaye 80 to 37^ tons tenacity. 

Telford also tried experiments on iron wire from i to ^ 
in diameter, and obtained a tenacity of &om 35 to 43 tons. 

The wire |br the Niágara Suspensión Bridge (made in 
Manchester) from good charcoal iron, was found to break, 
on an ayerage, with about 45 or 46 tons. 

The wire for the Freiburg Bridge, made in Switzerland, 
also from the best foreign charcoal iron, stood aboye 50 tons. 

I myself had occasion to make some experiments a short 
time ago, on steel pianoforte wire, which I found to bear 
the astonishing strain of from 100 to 120 tons per square 
inch ; whereas the steel from which it was made would pro- 
bably not haye borne, in the state of bar, more than half 
that strain. 

M. Morin * has giyen some experiments on the strength 

♦ * Résistance des Matériaux/ París, 1862. Vol. i., Art. 21. 
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of iron wire, made for the suspensión bridge oí Boche 
Bemard; it was a litüe over 3 millimétres (0*12 inch) 
diameier, and the breaking weight was abont 80 kilogrammes 
per sqnare millimétre, or aboye 50 tons per sqnare incL 
As it was snspected that long lengths wonld be less strong 
than short ones, owing to the greater chance of fanlty places, 
lengths of the same wire of 2 métres and 20 métres raspee- 
tivelj were tried against each other, but on the average no 
greater weakness in the long lengths appeared. M. Morin, 
howeyer, adds this observation : — 

But ezperíenoe, and especially the nnmerons aocidents which have 
occtured with wire brídges, have much modified the opinión in favour 
of wire, and withont at present entering fdrther into the diacnasion of 
the sabject, the stndent shonld be cantioned not to place too absoluto 
relianoe on the resulta of the experiments here brought forward. 

It has been found that wire is weakened by forcible 
binding with ligatures, or by sharp bending, ruptores having 
almost always taken place at these points ; henee snch 
canses of damage are to be avoided as much as possible in 
oonstmction. 

191. I have mentioned that in the manufacture of wronght 
iron the qnality is improved by the repeated worhing it 
nndergoes. 

Mr. Clay, of the Mersey Steel Works, tried an interesting 
ezperiment to show this. He took some puddled bar, and 
piled it and roUed it repeatedly over and over again, for 
twelve snccessive times, and tried the tenacity each time. 
He obtained — 

Tons. 

Original State 19*6 

2ndworking 23*5 

8rd „ 26-6 

Máximum 6th „ • 27*5 

9th „ 26 

12th „ 19*6 
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Showmg that, beyond a certain point, repeated worldng acted 
prejudicially. No account, however, was taken in these 
experiments oí the effect on the hardness or ductility of the 
iron. There is reason to believe that with good material the 
toughness is iiwsreased by repeated rolling. 

192. I haye told you that the inside portion of large masses 
of wrought iron is generally believed to be inferior quality 
to the outside portions. This notion has sometimes been 
pushed to the extent of believing that there is some peculiar 
virtue in the external rough sJciriy and somo people will object 
to have this removed, for fear of weakening the piece. 

In cast iron this idea is correct, the external skin being 
pecnliarly strong ; but experiments have not corroborated 
it as regards wrought iron, for bars of this material, tumed 
or planed, have preved as strong as rough bars of the same 
metal and the same size. 

This is fortúnate, as wrought-iron work for machinery has 
generally to undergo much preparation of this kind, and it 
would be a pity if the quality of the material were deteriorated 
thereby. 

193. Wrought iron has also frequently to undergo in the 
workshop the operation of forging, It is not found that 
this operation has any injurious influence on the strength, 
provided the metal is not overheated, or, as the smiths cali 
it, humt In some cases the tenacity is improved by forging; 
for example, Sir M. Brunel tried best Yorkshire iron, reduced 
by hammering, and obtained 27 to 86 tons. 

The effect, however, of hammering — particularly if con- 
tinued till the metal is nearly cold — is to Jiarden the iron, 
and diminish its ductility; sometimes, indeed, with indifferent 
iron, it will make it quite brittle. Dr. Percy explains this 
by remarking that when iron is hammered cold, especially in 
various directions, the crystals of which it consists will be- 

L 
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come more or less disaggregated, and therefore the strength 
oí the metal will be diminished. 

Iron ÍB also hordened by ccld roUing, wbielí is somewhat 
akin to wire drawing ; and this is f onnd (also like wire draw- 
ing) in some cases to increase tbe tenacity. 

Mr. Styffe (Art. 38) says that ^' by cold bammering, cold 
roUing, and other forms oí mecbanical treatment appHed at a 
low temperatnre, both tbe limit of elasticity and tbe tensile 
strengtb are increased, wbile by tbe same treatment tbe 
extensibility is diminisbed. In tbese respects beating pro- 
duces an opposite efifect." 

Iron is also often fonnd to become bardened by being 
beated and suddenly cooled in water. Tbis is, strictly 
speaking, tbe property of steel; it is probable tbat pnre 
iron wonld be free from it, and tbat wben it occurs it is due 
to tbe presence of a small amount of carbón. Tbe operation 
raises the strengtb and tbe limit of elasticity, but diminisbes 
tbe extensibility. 

In all tbese cases, bowever, of wbat may be called abnormal 
bardening, tbe efifect may be removed by tbe process called 
annealing ; i. e. beating tbe metal to a red beat, and allowing 
it to cool gradually, wbicb appears to allow tbe partidas to 
rearrange tbemselves in tbeir normal position. Annealing is 
a process in constant nse for wire drawing, cold metal rolling, 
and all otber processes wbere artificial bardening bas taken 
place, and wbere its effects require to be removed. Steel is 
softened in tbis way. 

Tbere is, bowever, no reason to suppose tbat tbe softness 
produced by annealing will ever go heyond tbe normal degree; 
t. e. no amount of annealing will ever convert a naturally 
bard iron into a soft one. 

194, Wrougbt iron may be given a bard surface by a 
peculiar process called casehardening. Tbis consists in snb- 
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jecting the article to a red beat for Bome days in contact with 
animal substances containing carbon-as bone^ust, leather 
scraps, &c. The eñect is to conyert the surfaces so acted 
on into steel, the nítrogen of the animal matters playing, 
it is supposed, an important part in aiding the conversión. 
Many parta of the locks of the small-arms made at Enfíeld 
are treated in this way; indeed, it is preferred to making 
them of steel. 

195. An important qnestion has been raised and often 
discussed, whether wrought iron is subject, by use, to de- 
terioration of its qnality. 

Cases have occurred where wrought-iron articles, exposed 
to vibrations and concussions — as, for example, pieces of 
machinery, axles, crank shafts, girders, &c., — have snddenly 
failed, after being at work for a long time, and without evi- 
dence of weakness or defect. And as it has often been found . 
that in these cases the fracture has presentad a crystalline 
appearance, a theory has been raised that the continued vibra- 
tion has had the effect of altering the quality of the iron — 
transforming it from a tough and fibrous to a crystalline and 
brittle textare. 

On this point Dr. Percy gives the following judicious 
remarks : — 

The qnestion will natnrally snggest itself whether gentle vibration, 
the resnlt of very frequeutly-repeated light blows, or of vibration 
without impact, causea by jarríng, grinding action, or in an axle 
working in badly-lubricated bearings, or of straining and torsión in 
shafts, &c., very much less intense than would be produced by heavy 
hammering, would tend to induce pennanent disaggregation of the 
crystals of iron and consequent tenderness. It is a qnestion of great 
practical importance in reference to the use of iron, as in chains iii 
coal-pits, and on railways, where the safety of human life is concemed. 
Opinions are divided upen it, and I am not acquainted with any pre- 
cise experimental data, to justify any very positivo conclasion on the 
subject. Many instances are recorded in which vibration is alleged to 

L 2 
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have induced permanent brittleness; bnt if I be not mistaken, the iron 
reported to have thus deteriorated in strength has not, at least in many 
cases, been properly examined and tested. Chaogea in mechanical 
properties of the metal may have been attríbuted to vibration, which 
were in realíty due to original and nndetected flaws. In certain 
metallic alloys it is well established that vibration may cause great 
alteration in stracture, and as a consequence, extiaordinary brittleness; 
and decided instances of such alteration are recorded. But it may be 
objected that alloys are one thing, and a simple metal another and very 
different thing, aod that althongh the former may be affected by gentle 
and sufficieutly-repeated vibration, it by no means foUows that this 
should be the case vriÜi the latter. Aocurate experimenta will alone 
determine the forcé of this objection. Nevertheless it seems reafionable 
to suppose that a simple metal like iron should be affected by exposure 
to the conditions in question. The expression gentle vibration is, after 
all, indefínite, and may include very different degrees of concussive 
action, and much may depend on a comparatively slight difference in 
the intensity of such action, especially when occurring at different 
temperatures comprised even within the comparatively narrow limits of 
ordinary atmospheric variation. 

Another point remains to be considered, namely, whether vibration 
caused by impact or otherwise may induce a crystalline arrangement 
which did not previously exist, or was only imperfectly developed. I 
have not met with any evidence to justify an answer in the affirmative. 
AU iron, after fusión, or after having been exposed to high tempera- 
tures sufficient to induce softening and pastiness, consists, as we have 
seen, of an aggregation of crystals. In the act of roUing, or extensión 
of any kind, these crystals are elongated, but not obliterated, and they 
may always be rendered manifest by sudden fracture. Now, when a 
bar becomes brittle by hanmiering cold, there is no reaaon to suppose 
that this result is due to the actual development of a crystalline 
structure, for the loosening or disaggregation of the crystals originally 
composing the mass appears quite adeqiíate to account for the brittle- 
ness. If such a bar had, previously to hammering, been broken under 
special conditions, so as to allow time for the exercise of the property 
of ductility, it wouid have presented a fibrous and not a crystalline 
fracture, 

Neglect in observing the essential connection between the charaoter 
of the fracture and the particular mode in which it has been effccted, 
has led to the conclusión that the crystallization of iron has originated 
from mechanical treatuient, when in reality crystalline structure pre- 
existed, and was only rendered easily manifest by firacture consequent 
on induced brittleness. 
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The idea now nnder consideration has gone so far as to 
lead to the introduction of a word to express this peculiar 
action — Yiz. fatigue of metáis, it being assumed that by con- 
stant slight motion the metal becomes fatigaed or weakened. 

The question is a difficult one, and its discussion rather 
belongs to the metallurgist than to the practical man. Dr. 
Percy appears, from the foregoing remarks, to consider such 
an action possible, but doubts whether any sufficient proof of 
it has yet been shown. And this is the yiew which I think 
most practical men take also. It is difficult to prove, in these 
cases of fracture, that any chango has been caused by the use 
of the iron, for either the quality may have been inferior 
from the fírst, or the chango in appearance may have been 
induced by some particular mode of fracture. 

Mechanical experiment, so far as it has gone, discourages 
the idea of any such deterioration taking place, provided the 
strain he toithin the élastic limits of the material; for it has 
been found that, with iron thus moderately strained, the 
forcé and its consequent bending may be repeated and re- 
moved altemately for thousands, and eyen millions, of times 
without any apparent damage. 

When, however, the strain exceeds this limit, deterioration 
of some kind will certainly follow its repetition, and pro- 
bably this may have been the case in many of the instances 
in question. 

But, even in this case, if the strain is quiescent it does not 
appear that the ultímate tenacity of iron is damaged by its 
being previously strained to an extent short of fracture. 
Mr. Lloyd, the chief engineer of the Admiralty, tried an ex- 
periment to ascertain the éñect of four successiye breakages of 
the same bar. He obtained, on the mean of several triáis — 
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This was good dáctilo iron, stretcliing abont ^ in length, 
and reducing considerably in lateral dimensions. 

The increoBe in tenacity is, howeyer, puzzling. It would 
seem tliat either the bar was mnch stronger in somo places 
than others (the weakest giving way £rst), or that the 
dramng oí the bar had added to its tenacity in a manner 
which has been preved to oocnr in wire drawing. 

In all experiments on the tenacity of iron it is a necessary 
precaution to apply the strain gradually and slowly ; and it 
does not appear that the time occnpied in this is any 
material disadvantage to the result. If the heavier strains 
were applied suddenly there is no doubt that the iron wonld 
appear much weaker than it really is. Theory points out 
that the extensión for impact is much greater than that for 
passive strain. Mr. Kirkaldy found, by actual experiment, 
that when the weights were suddenly applied, the iron bars 
broke with much less than their proper statical breaking load. 

196. The effects of variation of temperature on wrought 
iron deserve a passing notice. 

At a high heat there is no doubt that the molecular con- 
dition becomes changed, having a tendency to crystallize, 
in large crystals. Probably all iron, hefore working, takes 
this condition, the working reducing the crystals down to a 
small grain, or lengthening them out into fibre. 

It is also very well known in smiths' shops that iron 
may be overheated in the forging, or humt, as it is called, 
which develops large crystals and makes the iron weak and 
brittle. It is the duty of a good smith to guard against 
this, which is, of course, highly prejudicial. 

The effects of more modérate heating on the strength have 
also been subjected to trial. Tredgold imagined that any 
amount of heating would reduce the cohesive forcé ; but this 
opinión has been disproved. Sir Wm. Fairbaim tried speci- 
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mens of tlie same iron at different temperatures, from 0° to 
duU red, and found that up to 300° or 350° the tenacity 
remained stationarj, or, in some superior irons, gradually 
improved; but beyond this it fell rapidly to a red heat, 
when, of course, the iron became comparatively weak. 

Wben bighly heated in forging operations, wronght iron 
loses substance by the rapid oxidation of the snrface. At a 
white heat iron burns vividly, and at a lower heat it oxidizes 
more slowly. In forging and mili operations, under great 
heat, the surface becomes coated with scales of oxide, which 
may be, in a great measure, detached, either by bending or 
hammering the bar when cold, or by plunging it, when 
hot, into water. This is known as iron smithy-scale or 
hammer-slag. It is found to consist of a mixture of prot- 
oxide and sesquioxide, and contains from 70 to 76 per cent, 
of metallic iron. The toaste formed by this scale is a matter 
always deserving of consideration in forging operations. 

197. It is often supposed that extreme cóld diminishes the 
tenacity of wrought iron; and it is certainly a fact that 
railway accidents occur more plentifuUy, by the breaking of 
tyres, axles, and so on, in frosty weather. ünfortunately, 
however, we have scarcely sufficient data on the subject to 
justify our ranking this among the established phenomena of 
the material. 

Mr. Kirkaldy tried some few experiments, by forming a 
number of bolts out of the same bar, and testing them after 
exposing some of them to frost, while the others were kept 
warm. 

It was found that when the strain was gradually applied 
there was very little difference ; when suddenly applied the 
strength appeared diminished, but only 3 or 4 per cent. 
The bar was, however, of very superior quality; possibly 
with inferior iron the result might have been more marked. 
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Dr. Percy Bospects that the concnssiye action may have 
a different effect at different temperatures, comprised even 
within the ordinary limits of atmosplierÍG variation. He 
saya — 

The frequent accidenta which oocurred from the breakage of iron on 
railwajs a short time ago duríng the prevalence of a severe frost, are . 

conflrmatory of this opinión. Moreoyer it has been clearly demon- i 

Btrated that the tenacity of iron varíes considerably at temperatures not 
far remote from each other. 

Mr. Styfife investigated this point bj elabórate and care- 
fallj-conducted experiments, and arrived at the following 
conclusions (Chap. III., Art. 10) : — 

That the tensile strength of iron and steel is not dinúnished by cold, 
but that even at the lowest temperature which ever occurs in Sweden 
it is at least as great as at the ordinary temperature. 

That at temperatures between 212° and 392° Fahr. the tensile 
strength of steel is nearly the same as at the ordinary temperature, but 
in Boft iron it is always greater. 

That neither in steel ñor in iron is the extensibility less in severe 
eold than at the ordinary temperature, but that from 266° to 320° 
Fahr. it is generally diminished, not to any great extent, indeed, in 
steel, but considerably in iron. 

That the limit of elastícity in both steel and iron lies higher in 
seyere cold, but that at about 284° Fahr. it is lower, at least in iron, 
than at the ordinary temperature. 

That the modulus of elasticity in both steel and iron is increased on 
reduction of temperature, and diminished on elevation of temperature, 
but that these yariations never exceed -^ per cent, for a charge of 
1*8° Fahr., and therefore such yariations, at least for ordinary pur- 
poses, are of no special importance. 

Mr. Styffe admita the fact that iron articles nsed on rail- 
ways are found in practico to break more readily in frosty 
weather ; but he attribntes this, not to any alteration of the 
iron, but to the general increased hardness of the road, by 
which the forcé of the shocks is greatly increased. 

The translator of Mr. Styffe's work, Mr. Sandberg, being 
led by his experience to be somewhat doubtfol as to the 
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sufficiency of his anthor's conclilsions, obtained permission 
from the Swedish Gk)vernmeiit to try some further experi- 
ments on the action of cold, and he records the resulta he 
arrived at in the foUowing terms : — 

That for such iron as is usually employed for rails in the three 
principal rail-making countries, Wales, France, and Belgium, the 
breaking strain, as teated by sndden blows or shocks, is considerably 
infiuenced by cold, such iron exhibiting at 10° Fahr. only from ^ to 
■| of the strength which it possesses at 84° Fahr. 

That the ductility and flexibility of such iron is also much affected 
by cold ; rails broken at 10° Fahr. showiñg on an average a permanent 
deflection of less than 1 inch, whilst the other halves of the same 
rails, broken at 84° Fahr., showed a set of more than 4 inches before 
fracture. 

That at summer heat the strength of the Aberdare rails was 20^ 
greater than of the Creusot rails, but that in winter the latter were 
30^ stronger than the former. 

Mr. Sandberg conceives that the presence or the quantity 
of phosphorus in the iron may considerably affect its be- 
havioTir under low temperatures, so that some irons may 
give very difíerent results from others. 

198. Everybody knows the liability of iron to become 
rusty by exposure to wet, and this action is of much im- 
portance. 

At the ordinary temperature water has no action on iron, 
even in the most finely-divided state, j>rovided air he ex* 
duded, When, however, it is exposed to the conjoint action 
of air and moisture, nisting occurs. The mst of iron is 
hydrated sesqnioxide. 

Wrought iron is more subject to deterioration by rust than 
cast iron, the combination with carbón appears, in some 
measore, to act as a preservative. 

199. For this reason some means mnst always be adopted 
for efficiently protecting wrought-iron work from mst in all 
exposed situations, or it will soon be destroyed. 



154 MALLJEABLE IBÓN. 

And thero are two means in common use for this pnrpose. 
The first is what is called gcdvanizingy a very improper 
ñame, merelj derived from a procesa by whicli it was pro- 
posed to be done, but is noi done. Galyanizing means 
nothing more than covering tbe sorfaoe of the iron mth a 
lajer of zinc^ wbicb, being muoh lesa Hable to oxidation, 
protects tbe iron below* Tbe process is very simple : tbe 
iron bas its surface cleaned by dilute acid, and is tben dipped 
into a batb of melted zinc, wbicb adberes so strongly to tbe 
iron as to form almost one substanoe witb it. Tbe process 
is, in fact, analogous to tbat of making tin plate^ or tínning 
tbe insides of saucepans. 

Tbe most extensive use of tbe zinked iron is for cor^ 
rugated sbeets for roofíng and for telegrapb wire ; but it bas 
lately been also mucb and successfully used for otber and 
largor articles, particularly for sbips' bolts and otber sbips' 
ñttings. 

It bas been sometimos tbougbt tbat tbe zinking process 
interfered witb tbe strengtb of wrougbt iron, and Mr. 
Eirkaldy tried some experiments to determine tbis. He 
took strips of píate of dififerent makes, and of tbicknesses 
varying from -j^ to f , some of wbicb be zinked, wbile fellow- 
' pieces were kept plain. Tbese were tested for tenacity, and 
tbe results sbowed no difiference, between tbe zinked and 
tbe unzinked platos, greater tban tbe sligbt yaríation due 
to diñerent parts of tbe same sample. 

But, of course, it is only in comparatively few cases tbat 
tbis zinking process can be applied. Tbe more common 
way of protecting ironwork is by covering it witb oil paint, 
wbicb, if well and efficiently done, is a very fair protection 
against ordinary atmospberic conditions of wet and moisture. 
Several coats of paint must be applied. Tbe iron sbould 
first be cleaned, and tben painted well and carefully over 
witb a first coat of red-lead paint, made very thin, witb tbe 
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object of first covering the iron well in every part, and 
getting tlie paint into every nook and cranny ; when this 
thin coat is dry it forms a good tenacions base for futnre 
coats, of whicli two or three more, now made mnch ihicker, 
sliould be added, eaelí coat being allowed to dry before the 
new one is laid on. 

Several kinds of paints are used, and many so-called patent 
anti-^orrosive nostrnms bave been proposed; but I am not 
aware that anything has been found to answer better than 
ordinary lead paint of good quality. 

Bright ironwork, sueh as the fitted parts of machinery, 
&c, which is required to be sent abroad. and may be exposed 
on the voyage to the action of water, is often covered 
with a mixture of white-lead and tallow, the former being 
added to give consistence to the latter, and prevent it from 
melting and mnning off under heat. Dr. Percy recommends, 
for the same pnrpose, common rosin melted with a little 
Gallipoli oil and spirits of tnrpentine. The proportions, 
which may easily be found by trial, should be such as will 
make it adhere firmly and not chip off, and yet admit of 
being easily detached by cautious scraping. 

Iron structures, if well painted, will be protected for a 
short period ; but the painting must be carefvlly watched and 
often renewed from time to time, or the insidious oxidation 
will creep in. 

200. The necessity for this has led to a practico which 
has, indeed, become a most important principie in the design 
of all iron structures, particularly those of wrought iron — 
t. 6. so to lay them out that the whole of the surfaces exposed 
to atmospheric action shall be easily accessible for the pur- 
poses of examination and painting. 

If any parts cannot be got at freely, they will assuredly 
be destroyed in a few years. 
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AU railway engineers who nndersiand their basiness 
take great pains to make their iron bridges conform to this 
oondition. In the well-known Britannia Bridge the cells oí 
the top were made of suoh a size that a person could creep 
throngh them to examine and paint the insides; and cells 
were introduced for this express pnrpose in the hottomj where 
otherwise thej would have been nnnecessary. 

201. It is also desirable, in strnctares mnch expoeed, not to 
have any wrought-iron parts very thin, Strength that wotdd 
be sufficient for mere mechanical strains is often mnch too 
little when the chance of oxidation of the snrface is also 
considered. 

I cannot help saying here, that the enormons recent mnlti- 
plication of railway and bridge structures composed of slender 
wrought-iron bars, gives me some alarm for the fdture; 
for I cannot bring myself to believe that they will, or can, 
be efficiently preserved from oxidation for any great duration 
of time : and it mnst be recollected that these har structures 
often depend on such a principie that the failnre of one part 
of them (like that of a link of a chain) wonld destroy the 
stability of the whole. 

I cannot, for instance, think that the saying of a few 
thousand pounds of expense was sufi&cient to justify the 
metropolitan authorities in adopting this sort of structnre 
for such important national monuments as the public bridges 
at Westminster and Blackfriars. Their predecessors were 
wiser; for the handsome stone structures of London and 
Waterloo bridges will be the glory of the nation centuries 
after their flimsy and cheap iron rivals have rotted away. 
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MALLEABLE IRON—Ccontínued), 
DiFFBBEKT QuALITIES IN THB MaREET. 

202. I have repeatedly remarked how mncli wronght iron 
varíes in almost every quality it possesses — in tenacity, in 
compressive strengtli, in pliability, in ductility, in hardness, 
in touglmess, and bo on. 

But it may natnrally be asked, Is the qnality of the 
iron we use to be always a matter of uncertainty? or, 
if not, wbat guide can we get for tbe chotee oí iron, so as 
to ensure its fulñlling the conditions of qnality we reqnire 
from it ? 

This leads ns to consider the varieties of choice afibrded 
by the different kinds and qualities of iron whicb are found 
in the market. We see offered for sale many kinds of 
malleable iron, coming from many diñerent districts, made 
by many diñerent makers, costing widely different prices, 
and known by many diñerent descriptiye appellations, indi- 
cativo of greater or less differences in qnality. These dis- 
tinctions, therefore, must form an essential subject of study 
to the engineer. 

On this point, howeycr, I must insist on the great valué of 
the knowledge gained by jpractical experience. No amount 
of school study or book-leaming will ever teach a man how 
to use iron to the best advantage : to do this he must have 
learnt the various properties and qualities of the diñerent 
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kinds and makes of the material bj actnally using and 
observing them ; and the want of this sort of knowledge, 
no amonnt of information otherwise ünjMirted can ever 
efficientiy supplj. 

AU I can pretend to do here is to make yon acqnainted, 
as far as I can, with what we know generally of the different 
kinds and makes of iron, that can be identified and obtained 
in an ordinary commercial waj. 

Foreign Irons. 

203. Probably the best irons practically obtainable are the 
foreign ones; chiefly írom Sweden. These are made írom 
good ore, smolted with charcoal, the product being very £ne 
and comparatively puré iron, generally soft, and tough, and 
of good tenacity. 

The Swedish irons are mostly nsed for making steel, for 
which, in consequence of their comparative purity, they are 
well adapted. The production of them is but small, they 
are very expensive, and consequently they are scarcely ever 
nsed for structural purposes. 

Best Torhshire Iron, 

204. But, fortunately, we are able to produce also a very 
fine quality of iron in England, the manufacture of this 
dass of material having been undertaken expressly in a oer- 
tain iron-producing distríct in the immediate neighbourhood 
of Leeds and Bradford, in Yorkshire. The largest and, I 
think, the oldest firm making it is the Low Moor Company ; 
and this class of iron has consequently been called either 
Beat Yorkshire or Low Moor iron. 

The latter ñame, though still often nsed, is not strictly 
appropriate, as there are now several other fírms besides the 
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Xiow Moor Company, wbo make tbis best iron. I shall, 
therefore, always cali it Best YorJcahire iron. 

In addition to the Low Moor Company, there was another, 
the Bowling (cióse by), wbicb made tbis iron at an early 
period. Tbese two companies bad a particular iron ore on 
tbeir land, and also a particular quality of very ñne coal ; 
and it was asserted tbat botb tbis ore, and tbis coal to work 
it, were essential to make tbis ñrst-class iron. 

By degrees, bowever, it was found tbat pig firom otber 
sources, if properly selected and worked, would answer tbe 
purpose ; and as tbe demand for tbis iron bas increased, otber 
houses bave successfully undertaken its manufacture ; but all 
in tbe same immediate neigbbourbood. I may mention 
8ix firms, viz. : — Low Moor, near Bradford ; Bowling, near 
Bradford ; Famley Iron Works, near Leeds ; Cooper's Iron 
Works, Leeds ; Taylor's Clarence Works, Leeds ; and Monk 
Bridge Works, Leeds. 

Tbere are some otber £rms, botb in tbis and otber dis- 
tricts, wbo occasionally manufacture Recial kinds of iron 
of bigb quality, but tbose I bave named are acknowledged 
as of establisbed cbaracter for supplying tbe ordinary market 
witb Best Yorhshire iron, 

205. Tbe manner of making tbis iron bas already been 
described in Art. 63. To ensure a good result tbe greatest 
care and attention must be given tbrougb tbe wbole process, 
and if in any stage of it any signs of failure or deterioration 
sbould appear, tbe faulty pieces must be tbrown aside. Tbe 
large price wbicb best iron sells for enables tbe manufac- 
tarers to do tbis ; and, indeed, it is only tbe assurance tbat 
all tbis care is taken wbicb warrants tbe price cbarged. 

206. Tbe peculiar merit of best Yorksbire iron is, tbat, in 
the first place, it combines in itself a bigb degree of every 
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good quality that iion shonld possesB ; and secondly, it lias 
the great and special recommendation of being higUy waifonn 
and irud\BwÜiy^ and it may therefore be nsed with much more 
oonfidence than iron of lower qualities. 

We might fínd specimens of other iron more tenacions, 
harder, or more ductile ; but we could scarcely ever get tliese 
qualities all combined in one specimen; or if we could, it 
would be only accidental — we could not rely on getting it 
imiformly the same. 

207. The tenacity of best Yorkshire iron is generally 
high. 

Aboye thirty bars of three different makers were tested by 
Mr. Earkaldy, and the breaking weight, per sqnare inch of 
original área, came ont between 26 and 30 tons — the mean 
being 27^ tons. 

208. Then the dnctility and toughness are yery high, and 
also very uniform. 

The ultimate elongation of the iron just mentioned yaried 
from O • 20 to O • 26 per imit of length — ^mean O • 24. 
The work done in nipture was — 

Highest 9500 

Lowest 5700 

Mean 7400 

But the toughness is well established by experience of the 
manner in which this kind of iron works. It is quite deyoid 
of the defect of hrittleness or cóld shortness; for it may be 
knocked about, and indeed often bent double, when cold, 
without even cracking. 

209. Similarly, it is also free from the defect called red 
shortness ; it is perfectly maUeable when Tiot, and will stand 
almost any kind or extent of working in the forge^ withont 
doterioration. 
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It is sounder, more £ree from laminations and defects, 
owing to its being made chiefly in larger blooms (not piled), 
and more tliorougbly and forcibly worked. 

210. And it is very hard, or at least may be made so when 
required, so as to stand wear exceedingly well. Many in- 
ferior kinds oí iron are also hard, but in these the hardness 
is almost always accompanied by hriüleness, which is not the 
case with best Yorksbire iron. In this, tberefore, we have 
tcnacity, hardness, and toughness all combined. 

211. The fracture of best Yorkshire iron may be either 
crystalline or fibrous. In the larger articles, principally 
hammered, such as tyres, axles, &c., it is usually crystalline, 
the orystal being of a fine grain. In roUed bars of smaller 
EÓze, which are often made to be peculiarly tough, it shows 
a fine silky fíbre. 

212. Best Yorkshire iron fetches a high price. I shall 
give yon hereafter some prices of various kinds of malleable 
iron, but we may say roughly, that best Yorkshire iron is not 
far &om twice the price of the common material. 

Now, no doubt, this price is high, not only in comparison 
with other kinds of iron, but also positively as regards the 
actual cost. 

But it must be reooUected that the selling sum includes 
not only the price of the article itself, but also a charge for 
the gtiarantee as to the uniformity and excellence of the 
quality ; so f ar at least as care and attention can go. 

The manufacture of iron is always uncertain ; the only 
assurance we can haye of its quality is by knowing that every 
possible care has been used in its preparation; and it is 
a condition of the established reputation of the houses who 
make this iron, that they undertake to give this care, in con- 
sideration of a high price paid them. 

u 
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We know that for this price they can afford not only 
to seleot the best material and to take the gieatest care in the 
making, but also to be liberal in their rejection of iron fonnd 
imperfect during any stage of its progresa. It is more to their 
interest to pnt aside fanlt j material than to risk their repn- 
tation by sending it out for sale ; and henee we have the 
best assnrance that we really get the best possible article. 
For, I repeat, it is the uniformüy of the qnality of best 
Yorkshire iron, and the confídence with which it may be 
used, which forms one of its best reoommendations. 

213. Best Yorkshire iron is, or at least ought to be, nsed 
for all purposes where a superior, tmstworthy material is of 
sufficient importance to jnstify a little extra expense. 

It is used in locomotives for cranked and straight axles, 
wheel tyres, and all iron working parts, as well as for the 
boiler platos. In all boilers it is, or ought to be, used for 
specially important parts, as fíre-tnbes, &c. ; and in ship 
work such plates and other pieces as haye to undergo eiharp 
bending or other seyere trial with out injury are made of 
best Yorkshire iron. 

Staffordshire Iron. 

214. The qualities of iron below best Yorkshire are so 
yarious that it would be impossible to describe or even to 
enumérate them. 

They are made in seyeral iron districts, Wales and Scot- 
land producing considerable quantities; but probably the 
principal part of the wrought iron used in England for 
manufacturing purposes comes from the great iron and coal 
£elds of the Midland Counties, of which Staffordshire is the 
chief ; and henee this iron, as a mass, is called Stafford- 
ghire iron, Indeed, it is not uncommon among iron users 
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to cali all malleable iron " Staffordshire,** which is nofc best 
Yorkshire. 

215. There are some exceptional qualities oí iron, both 
Staffordsbire and Welsh, made in special modes, and for 
special purposes. 

But omitting these, and treating of the ordinary commer- 
cial kinds, and taking Bar iron as an illustration, we may 
consider that there are tbree kinds of the maierial usually 
found in the market. 

The first is called Merchant Bar, or comM&n iron, This 
is the lowest or commonest kind of malleable iron usable for 
smiths' work. It is generally of inferior and untrustworthy 
qnality, hard^ brittle, and will not work well. It is used 
therefore for the commonest purposes, where but little smith- 
ing is required. 

The second quality is called " Best *' iron. This is of a 
better and more trustworthy quality, generally tougher and 
more ductile, and better adapted for smithing. It is the 
kind of iron most used for ordinary good work ; and it is 
very customary in specifying wrought-iron work, to state 
that it shall be made from iron of a quality equal to 
''Best" Staffordsbire. 

The thlrd is an extra quality, called ^^Beat Best.'* This is 
peculiarly made for chains, riyets, and other special purposes 
where extra toughness is desired. 

216. It must be understood, however, that these classiñca- 
tions are exceedi'ngly general, each class comprising an enor- 
mous yariety of kinds and qualities — to choose between which 
is impossible without the aid of practical experience. 

The guide which practical men have, is in the hrand or 
trade marh, which all firms wha profess to make a respect- 
able article, stamp on their iron. These marks are known to 

M 2 
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all people who nse iron on alarge scale; and tbe same brand 
is onderstood io indícate a certain degree of nniformity in 
the qnality. All iron of decent quality onght to be stamped 
with a known mark, and tbongb it may not follow tbat all 
marked iron is good iron, jet it may be safely assnmed 
that unmarJced iron is generally had, and onght not to be 
used whcre qnality is of any importance. The makers of 
best Torksbire iron all impress the ñame of their firms on 
every article they manníiftcttire, and now often add the date 
when made. 

The makers of other classes of iron generally nse abbre- 
YÍations or marks understood in the trade. 




The iron marked wy (called 8. C. Crown iron) is a Best 

se 

Best iron, made by Messrs. Bradley, of Stonrbridge, and is 

in great repute in the London market for making bolts, 

nuts, &c, 

It would be impossible to giye a list of all the trade 

marks ; the foUowing are a few of the best-known Staffbrd- 

shire houses : — 

B. B. H. is the mark of Messrs. Barrows and Hall. 
A Mitre, that of Messrs. Williams. 
A Lion, that of the Bñtish Iron Company. 
L. W E D, that of iron made at Lord Dndley and Ward's 
works. 

These, and indeed almost all large firms, make the three 
qnalities of Staffordshire iron. When it bears no mark, 
except the ñame, it is the commonest or Merchant Bar kind ; 
the two better kinds are marked in addition ^^Best*' and 
^^Best Best" respectively. 

These irons, of conrse, vary in almost eveiy possible way, 
in tenacity, tonghness, ductility, hardness, facility of work- 
ing, and so on. It is only by long practical ezperience that 
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their qualities can become known ; and eyen then they are 
always more or less uncertain. 

For general purposes, however, of bar iron, a quality tliat 
breaks tough and fibrous, and that is found to work tolerably 
well in the forge, is considered a useful and eligible iron. 

DiFFERENT FoBMS OF MaLLEABLE IbOK DT THE MaBEET. 

217. I now pasa on to speak of tbe various farmn in wbich 
wrought iron is obtained in the market, for the purpose of 
making mechanical structures. 

You wiU know the differenee between coit and tvrought 
iron in this respect. 

In the former, cast iron, we give an order to the maker 
of the material, i. e. the founder, to supply us at once with 
any shape we require. 

In wrought iron we may occasionaUy, to some extent, do 
the same thing, by ordering forgings, whLch are masses of 
wrought iron forged into given shapes. 

But this is exceptional. By far the more common way is 
to purchase the material in certain fixed shapes (adopted for 
conyenience in the market), and then to build or fashion 
these into the structure desired. 

These marketable shapes therefore, and the qualities and 
peculiarities incidental to them, require some notice. 

218. The most common and useful form is Bar iron. This 
consists of bars usually about 15 feet long, and of yarious 
transyerse sections. 

In the £rst place there are aguare hars; Le. bars whose 




transyerse section is a square ^^ ; and these are to be had 



of yarious dimensions, írom about f inch on the side, up to 
3 or 3^ inches. 
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And then there are round hars, whoBe section is a ciicle 
, oí abont the same range in diameter. 

Sqnare or roiuid bars of ^ inch and lees are called roós; 
or if müch smaller, they become irire. On the other hand, 
it is not customary to keep bars much larger than 3 or ^ 
inebes sqnare or round. If wanted, they are forged specially. 

Tben there are what are called Jlat hars, This is a ñame 
giyen to bars of rectangular section fcÉWÉ , in which ene áde 
is greater than the other. 

These are of a great variety of sizes ; the most generally 
useful being kept in stock, and special sizes being roUed to 
order. The dimensions of flat bars may vary from 1 inch 
to 6 or 7 or more inches broad ; and from ^ inch to 1^ or 
2 inches thick ; and of these dimensions thcy will be rolled 
the same length as other bars, say abont 15 feet. 

But if they are reqnired to be more than abont 9 inches 
wide, they are made shorter, and then become platea. 

Bar iron is made of all possible qualities, from Best 7or^' 
shire down to the veriest rnbbish that will hold together. 

Bars are of course made by roUing : in the best kindB the 
iron is hammered in the preliminary stages of its manufac- 
ture, the roUing being the last process, to give uniformity of 
section. 

The term Bar iron is nnderstood only to apply to bars 
of the simple forms I have alluded to, viz, sqnare, ronnd, and 
£lat. There are many other shapes in which bars of iron 
are rolled, but these usually take different ñames, and I shall 
speak of them hereafter. 

219. The next form of wronght iron to be mentionedis 
that of Platee. 

Wronght-iron plates are made of any thickness, from abont 
s o^ i ín^h to 1 inch, in gradations usnally measnred bj 
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16tlis of an íugIl Thus after ^ (or ^) comes -^ ; then f 
(or y^^) ; then -j^, and so on. If yery thin, tliey are called 
Sheets. 

The lengths and breadihs of platos are yery various. 
They are nsuallj made to order, of snch dimensions as tlie 
pnrchaser desires. When they exceed about 3 or 4 cwt. in 
weight, they bear an extra price. 

Platos are made by roUi'ng. The iron is prepared, in the 
preliminary process, in slaha of a flat shape ; these are piled 
one on the other, snbjected to a welding heat, and then rolled 
ont to the required thickness; after which the rough edges 
are cnt off with largo shears, worked by machinery, so as 
to giye a fair shape (nsually rectangular), of the length and 
breadth required. 

Now the rolling produces (if the iron be tolerably good in 
quality) a ñbrous structure to a certain extent, the length 
of the fibre being parallel to the direction of the rolling. 
During the manufacture of the platos they are rolled in 
both directions ; but when one dimensión much exceeds the 
other, as is generally the case, the plato gets more rolling 
in the direction of the length, and henee the ñbrous texture 
is more perfectly defíned in this direction. 

220. For this reason the qualities of a rolled plato are 
generally somewhat different in the two directions, longi- 
tudinal and transyerse respectiyely ; and I shall hayo occasion 
to distinguish between them by these ñames. 

I shall cali, for example, the longitudinal tenacity the 
strength when puUed parallel to, or broken across the fibre. 
The trcmsverse tenacity is that deyeloped by pulling at right 
angles to the fibre, the fracture being parallel to it. 

The qualities of wrought-iron platos are so important 
that they haye been frequently inyestigated, separately and 
distinctly from other forms of wrought iron. 
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221. And first, as to the tenacity. It might be reasoned 
that, since it has been found that when wrought iron is 
rolled, or drawn into small bars, it gains in tenacity, tbere- 
fore, by analogy, the rolling into thin plates might also 
improve it; so that, on this principie, plates might he 
expected to be stronger than bars. 

But this is not so ; they are reaUy weaker by about 20 per 
cent. 

The asnal rongh popnlar estímate is 25 tons for good 
bars, and 20 tons for good plates ; bnt I mast give yon the 
data obtained more carefiilly. 

Mr. Fairbaim, in 1838, tried experiments on twenty pieces 
oí píate of yarions kinds, and obtained a tenacity varying 
from abont 19^ to 25 j^ tons per square inch ; and he fonnd 
reason to think there was no great diñerence in the tenacity, 
whether the píate was drawn in the direction of the fíbre or 
across it. 

But this latter condnsion has not been conñrmed by later 
experiments; indeed, Mr. Fairbairn himseK, in subsequent 
triáis, arrived at a diñerent conclusión. It has now been, I 
think, conclusively shown that, for píate of good quality, the 
longitudinal tenacity is greater than the transverso. 

Some experiments on the strength of plates were tried hy 
Mr. Stephenson's direction at the constmction of the Brí- 
tannia Bridge. In the ñrst instance he tried seyeral plates 
all pnlled in the direction of the fibre. They were ^ inch, 
f inch, and \^ thick; and the resulting longitudinal tena- 
city yaried from 18 to 22 tons per square inch, giying a 
mean of 19*6 tons. The iron was supplied by different 
makers, in Staffordshire, Derbyshire, and Shropshire. 

Mr. Stephenson then tried the comparatiye strengths 
when broken, either parállel mth, or <icro88 the £bre. 

Two plates were selected, and from each píate two sped- 
mens were taken, of suitable form for testing. One specimen 
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in each poir was out out in the direction of the fíbre, and the 
oÜher across the fibre ; thus in all otber respecta they were 
precisely similar. 

The resnlts were, for the nltimate strength — 

Drawn the direction of the fibre — 

Ist píate . . ... . . 19 * 66 tons per sqnare inch 

2nd „ 20-2 „ 

Mean .. .. 19*93 tons (longitadiaal tenacity). 

Drawn across the fibre — 

Ist píate 16*93 tons per sqnare inch 

2nd „ 16*7 „ 

Mean . . . . 16*8 (transverse tenacity). 

* 

Or abont 18 per cent, weaker in the latter direction. 

Mr. Earkaldy tried a great number of platos of yarious 
qaalities and makes, in both directions. 

Taking for the present the longitudinal tenacity (the 
strongest way of the píate), the Best Torkshire plcUea gave 
(per sqnare inch of original área) — 

Tons. 

Mínimum .. 21 

Máximum 28 

Mean 24J 

Other makes of píate yaried from — 

Tons. 

Mínimum 16} 

Máximum 27^ 

Mean 22 

Comparing the longitudinal and transverso strengths of 
the platos, he found the latter generally about 10 per cent, 
less than the former; rather less difference than Mr. 
Stephenson had made. 
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Mr. Fairbaim's later experiments give — 

LongltadiDal TransTerae 

teoadty. tenacity. 

Best Torksbire platee 28*6 28*4 

Mean of ordinarj platea 23*1 21*3 

We maj tlierefore take as a general ayerage for the 
greatest or longitudinal tenacity — 

Tons. 

Best Torkshire 25 

General 20 

And for the transverso tenacitj about 10 per cent. leas. 
The Admiralty test is — 

Longitudinal Transverse 

tenadly. tenacity. 

For Best Best platea 22 18 

For Best plates 20 17 

The test prescribed by Lloyd's ship^bnilding rales is 20 
tons. 

M. Morin (Art. 59) gives the particnlars of a series oí 
experiments on French plates, the means of which giye for — 

Kil. per Tons per 

square mili. square inch. 

Longitudinal strength 34*43 .. 21*8 

Transrerse atrength 31*76 .. 20*2 ^ 

222. The ductüity oí plates is as important as their tena- 
city ; for all I have said in regard to the importance of this 
qualification in iron generally applies with almost increased 
forcé to plates for ship-bnilding. 

Mr. Stephenson tried the ductility of the plates I have 
mentioned in his Britannia Bridge experiments, and he fonnd 
it yery variable, oven more variable than the strength ; the 
ultímate extensión longitudinally varied generally from abont 
0*017 per miit of length to 0*125. In one specimen it was 
only 0-0062. 

And as a warning how little use the tenacity alone is, as an 
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índex of the effectiye quality of the píate, it was foiind that 
the bríttle crystalline irons, which broke suddenly with the 
TOiTiiTTfmTTi elongation, actuallj supported more weight than 
those mnch more fibrous and ductile. 

Mr. Stephenson also tried the transverse ductilitj as com- 
pared with the longitudinal, and found the former onlj Judf the 
httery an additional advantage of much weight in fayonr of 
the strain being put in the longitudinal direction. 

Mr. Eirkaldy also tried the ductility of platos with mnch 
care. 

The resnlts were, for — 

Best Yorkshire (longitudinal ductility) Max. 0*170 

^ „ „ Min. 0*110 



Mean 0*134 



Other kinds (longitudinal ductility) .. .. Max. 0*130 

.. Min. 0*033 



>» »> » 



Mean 0*080 -J 

.1 






He also fonnd the transverso ductility less than the longitn- \¡ 

dinal in the ayerage proportion of 5 to 9, about the same as |^ 

that giyen by Mr. Stephenson. [, 

It is to be remarked, that the difference between the longi- :i 

tudinal and the transverso strengths will be lesa in the 
inferior than in the superior qualities of iron, by reason of 
the Jibre being less ¿ieveloped in the worse and more brittle 
kinds ; indeed, the latter will probably be as good (or rather 
as had) in one direction as in the other. 

223. When we combine the tenacity and ductility together, 
by estimating the yalue of Mallet's coef&cient of work done 
in rupture, we obtain a striking contrast not only of the 
valúes of different kinds of píate, but also of the difference in 
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valae of the same píate, in its longitudinal and its transverse 
directiona 





Longitudinal. 


TraoBTerse. 


Best Torkahire, 

Maxüniim 

Mínimum 


5450 
2600 


2725 
1300 


Mean 


3750 


1875 


Ordinary, 

Máximum 

Minimum 


3820 
315 


1910 
315 


Mean 


1800 


1000 



224. The data I have given will show that the qualities 
of píate purchasable in the market yary as much as those of 
har, if not more. 

The Best Yorkshire piales are all that can be desired in 
every respect; they are not only tenacious, ductile, and 
tough, but they are admirably adapted for forging, bending, 
punching, and all workshop manipulations, without sufíering 
injory; and like all other iron of this class, they can be 
thoronghly depended on. They are, however, expensive, as 
I have previously explained. 

Below Best Yorkshire come Stafifbrdshire and other plates ; 
and these are generally classed, like bar iron, in three 
classes. 

The ñrst are common plates, bearing no mark but that of 
the maker, and sometimos not even that. It is, however, 
one of Lloyd's rules, that all iron, píate, beam, and angle, 
is to be legibly stamped in two places with the manufacturing 
trade mark. 

These common plates, when intended for boat-building, 
are usually called hoal platesy and their quality may be any- 
thing that will hold together. There are sometimos decent 
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qiialities to be found oí this class ; but it is ofi;en very bad, 
and the best ship-builders ignore it altogether. 

The next qnality is called Best, and is marked with this 
word. These plates are worth about IZ. a ton more than 
the common, and are, or ought to be, good, tenacious, and 
ductile ; thej shonld stand bending cold to a certain extent 
withont breaking. They may be used with confidence for 
boat-building, but it is not always that the expense of them 
will be submitted to. 

The third qualitj is called Best Best ; it is worth about 
another 1/. per ton extra, and is tougher and more ductile 
than the last, but still not equal to Best Yorkshire. No 
qualitj under this ought to be used for steam-engine boilers. 

The Admiralty use "Best Best" for the hulls of their 
vessels. The ' Bellerophon,' for example, built at Chat- 
ham, has all the more important portions Best Best jplate, 
single Best being used in certain parts when the quality is 
of less moment. 

I need hardly say that the quality of píate to be used for 
building the hulls of iron ships is a subject of the most 
vital importanoe. 

It has been pertinently remarked, that in the eyes of the 
merchant or ship owner, generally, iron is iron; he pro- 
bably does not know the almost infinite yarieties of quality 
that are comprehended under this general ñame, and may 
little think that the hull of a ship he may have got built 
cheaply, may be not much more trustworthy than if it were 
made of glass I 

And I would repeat again what I have so often said before, 
that it is not tenadty alone which must be taken as the 
criterion, inasmuch as I have shown you that the very worst 
qualities of iron may sometimos show a high tenacity. 

By far the more important qualities for ship purposés are 
ductility and toughness ; for on the state of the iron in regard 
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to these may depend whetber the sliip may safelj withstand 
shocks and buffetings in cases of peril, or whether she may 
cramble to pieces, and instantlj go to the bottom. 

225. Wben píate iron is less tban about ^ of an incb in 
thickness it becomes sheet iron ; and when this is cut np into 
narrow strips like ribbons, they take tbe ñame of hoap iron, 

M. Morin (Art. 61) gives experiments which show the 
oltimate strength of hoop iron to vary from 28 to 38}- kil. 
per millimétre, or from 18 to 24^ tons per square inch. 
Henee the principie of increase found with wire does not 
applj to hoop iron. 

When clean sheet iron is immersed in a bath of melted tin 
it becomes coyered with the latter metal, which combines 
chemically with its surface, and adheres firmly. This is 
the well-known tin jilote. The iron nsed for this is of a 
specially good quality, which is yerj soft and dnctile, and 
will stand without damage the yaried treatment it has to 
undergo in the manufacture of utensils and other articles 
made of this usefol material. 

226. I now pass on to other forms of wrought iron. 

In speaking of bar iron, I told you this term was usually 
confined to bars of simple aectiona, such as square, round, 
and flat. But there are other shapes of bars rolled, which 
take peculiar ñames, and which are yery useful in forming 
structures of wrought iron. 

The chief of these is angle iron, This is roUed in long 
lengths, like common bar ; but its section is of the shape 




of the letter L, thus ■ It is one of the most nsefnl 



shapes in the formation of structures of wrought iron. Angle 
iron is made of yarious sizes, from 1^ inch to 6 inches, or 
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thereabouts, on eiiher leg, and the legs are frequently of 
different widths. The thickness varíes £rom aboat i inch to 
as much as 1 inch in large sizes. 

Another form of section, also verj nseful in strnctural 



combinations, is what is called T iron, thus 



there are forms called 




And 



Channel iron 




Half-round iron 



Feathered iron 




Bolbiron 



Beam or H iron 




And manj other fancy forms ; indeed, by the operation of 
rolling, if proper grooves are cut in the rolls, almost any 
desired shape may be procnred. 

BaiUy for example, are roUed in great varieties of shapes, 
as for example, 



Double-headed rail 




« 
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Bridgerail 




Vignolee or flat-bottomed rail 




Sectionfi which weigh from 30 or 40 to 80 or 90 Ibs. per 
yard. 

The qnality oí angle iron, T iron, and the small ÍEuicy irons 
I bave mentioned is, of coutse, yarious, according to the make ; 
but it is generallj superior to common bar iron, for the 
reason that a better kind of material is necessarj in order to 
enable the iron to take the desired forms in the rolls ; for if 
the very worst kinds of metal were used (snch as are often 
sold in plain bar), it would not be snfGlciently ductíle and 
workable to bend into the grooves of the rolls, bnt would 
crack and break to pieces. 

Mr. Eirkaldj tested several varieties of angle iron, beam 
iron, and strap iron, of the kinds ordinarüy used in ship- 
building, and obtained the following results : — 

The Best Forkshire iron stood, of course, the fírst in this, 
as in all other respects. Angle iron of this make gave 
tenacity 26 to 28 tons. ültimate elongation, O * 21. 

Other kinds of angle iron gaye tenacity yarying from 19 
to 26^ tons. Elongation, O * 15á down to O * 058. 

CosT OF Weought-ibon Wobk. 

227. In speaking of cast iron I haye mentioned something 
about the cost oí articles made in it, calling yonr attention 
to the fact that one great adyantage of this material is its 



MALLBABLIG IBÓN. 177 

cheapness — due to the facility which the procesa oí moulding 
and castíng gives to the formation of any required sbapes 
in the materiaL 

Now, wought^ron work is very exfpenaive in comparison 
with cast ; for not only is the valué of the maienal iUélf 
greater, but also the cost of worhing it into required forms 
enhances the price to several times the valué the same 
thing would have in cast iron. 

But, still, the peculiar properties of the material render it, 
in a vast variety of cases, so much more valuable and appro- 
priate than cast iron as fullj to justif j the extra cost. 

And if we are willing to incur this extra expense, wrought 
iron presents good features in its malleability and ductility; 
the power of welding, punching, cutting, hammering, and 
all the varieties of contrivances included in smiths' work 
(which are totally wanting in cast iron), and by means of 
Ihich we may L^ L fashioning W iron into 
almost any form we desire. And when to this we add the 
facility that we have of huüding up wrought-iron structures 
out of small and sepárate pieces by riveting, bolting, &c., 
we see that the material, though comparatively dear, is still 
well adapted to structural use. 

It must not be lost sight of, that the comparativo deamess 
of wrought iron over cast may be lessened, in very many 
cases, by the diminution of weight required in the tougher 
material. In cast iron, a considerable excess of strength is 
necessary to próvido for accidental and unknown defects, as 
well as for the chance of fracture by concussions, &c., &c. 
But in the more trustworthy material, something important 
in weight may always be saved, and the cost diminished 
accordingly. 

I will now give you some general notíon of the pnces of 
malleable iron, and wrought-iron work, in various forms. 
Tou must, however, clearly understand that I only profess 

N 
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to do ihis yery afproocimaidy^ as prices yary considerablj, 
not only in different distriois, bnt at different times. 

And mach depends also on the places where the iron is to 
be delÍTered. 

Bbst Yobkshibk Ibón peb Ton. 

Bar Iron — ^Under 2^ or 8 cwt., about 17/. and 18/. ; increasing, as the 
weíght mcreases, till 7 or 8 cwt. costa 25/. 

Plates — Under 2} cwt., 21/. aod 22/. ; inoreasÍDg till 5 cwt. and ap- 
wards, 86/. and 37/. 
Looomotive Tyres and Axles — According to weight, 20/. to 37/. 
Locomotive Cranked Axles (rongh from forge), 50/. 

jyj?. — These prioes do not yary with small flnctnations in 
the market, and are nearly the same for all the firms that 
make this iron. 

Othxb Ibón (all delivered at works) peb Ton. 

Wehh Bar, 71. to 7/. lOs. 

Staffordshire Merchant Bar, 8/. lOí.; "^dsí" Bar, 9/. 10«. ; ''Best 
Best," 10/. lOí. 

Common Boat Píate, Wéiat or Scotch, 8/. lOs, or 9/. 

Staffordshire Boat Fíate, 10/.; ''Best" Píate, 11/.; "Best Best'* PUxte, 
12/. 

Angle and T iron, say 1/. aboye bar of same qnality. 

Anchors, tinder 3 cwt., 28/. ; 5 to 25 cwt., 24/. ; 52 cwt., 30/. 

Chain Cables, according to size, 15/. to 20/. ; the smallest being the 
deaiest 

Armour Plates, 30/. to 35/. 

Plain Boilers, Best Best Platea, say 22/. to 24/. 

Ships' Húlls, say 20Z. to 25/. 

Qirder Bridges, 17/. to 25/. 

Forgings, according to size and shape, firom 25/. to 50/. 

228. The following Table coUects together the data here- 
inbefore given as to the principal properties of wronght 
iron : — 



t 
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Mechanical Pboperties of Wrought Iron. 



Tenaoitt. 

Bar — General 

Best Yorkshire 

Píate— General 

Best Yorkshire 

OoMFBESSiyE Stbength .. 



STiFFinsss (Modulns of Elasticity) 

DUOTILITT. 

Bar — ^Gteneral 

Best Yorkshire 

Píate — General 

Best Yorkshire 

TOUGHNESS. 

Bar — General 

Best Yorkshire 

Píate — General 

Best Yorkshire 

Spboipio Gravity 



Máximum. 



Mínimum. 



Mean. 



30 
30 



Tons per f qnare inch. 



15 
26 



27-3 
28-6 



15-(?) 
21 



2S 
27-5 



20 
25 



16 



Tons per 1 inch sqnare. 
14,000 8000 I 10,000 



Ultímate elongation per unit of 
length. 



0-30 
0-26 



006 
0-20 




0-20 
0-24 



008 
O 134 



Work done in rupture of 1 inch 
bar 1 foot long. 



9500 
9500 



3820 
5450 



730 
5700 



315 
2600 



5600 
7400 



1800 
3750 



7-8 



7-45 



7-68 



229. Let US now endeavoiir to smn up some of the most 
important points of knowledge we possess abont wrought 
iron, in tlie same manner as we did for the c<ut form of the 
material. 

a, All the meclianical properties of wrought iron are 
exceedinglj Tariable, extending over a yery wide range, 
according to the different makes and qualities existing in 
the market. 
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6. The tenacity, or tensile strength, oí wrought iron is 
three or four times greater tban that of cast, wliich deter- 
mines the preference of wrought iron in all cases vvhere it 
has to resist tensile strain. 

c. But wrought iron is much weaker than cast iron in 
oompressive strength, or strength to resist crushing, which 
should determine the preference of cast iron in cases of 
compressive strain. 

d. Wrought iron of good quality has a great advantage 
over cast iron in its ductilüy and taughneas, which pecuüarly 
fit it for bearing shocks, concussions, and sudden strains. 

6. In judging of the fitness of wrought iron for the pur- 
poses where shocks and sudden strains are likelj to oocur, 
the tenacity alone is not a su£&cient guide ; but the ductility 
and toughness must also be ascertained. 

/. To judge of iron by its fracture requires much know- 
ledge and experienoe, without which the appearances may 
often be misunderstood. 

g, Large masses of iron are likely to be weak and unoer- 
tain in their intemal portions^ and on the other hand, iron 
gains much in strength by being drawn down to small sizes. 

h, The hardness of wrought iron is very variable in 
diñerent makes. Iron may be artificially hardened by cold 
hammering or cold roUing, but this hardness may be removed 
by annealing. 

i. Wrought iron will bear the frequent repetition of a 
modérate strain without having its ultimate strength dimi- 
nished thereby. 

k. Wrought iron is very liable to damage by oxidation; 
it must always be well protected, and the protection must 
be carefally renewed at frequent intervals, for which purpose 
the surfaces must be made easily accessible. 

1. The best kind of iron is that called Best Yorkshire 
ii'on, which has not only high tenacity, but great ductility 
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and toughneBS ; and has, in addition, the great recommenda- 
tion of being uniform and trustworthy. 

m. Platos aro gonorally* inferior to bars in both strength 
and tougbness, and their lower qualities aro often nncertain 
and nntrustwortby. 

n. In tbe better qualities of plates, botb the tenaoity and 
tougbness are considorably greater in i;bo longitudinal tban 
in tbe transverso direction ; and tberefore, as far as possible, 
tbe strain sbould be put in tbe longitudinal direction, 

o. Wrougbt iron is dearor tban cast iron, and it is mucb 
more cosüy to form strnctures in it. But on account of its 
greater strengtb, their weight may be generally mucb less 
tban in cast iron. 
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